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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
light-emitting element having a long lifetime. 
SOLUTION: This semiconductor light-emitting element 1 
comprises a substrate 10. an n-type layer 12 which is 
stacked on the substrate 10 and which is composed of a 
nitride semiconductor material, a plurality of well layers 
each of which is formed by InxGa(1-x-y)AlyN(0<x, 0<y 
x+y<1), and a plurality of barrier layers each of which is 
formed by InsGa(l-s-t)AltN (0<s, 0<t. s+t<1). wherein an 
active layer 1 3 of a multilayer quantum well structure is 
stacked on the n-type layer 12 and a p-type layer 15 
which is composed of a nitride semiconductor material is 
stacked on the active layer 1 3 of the multilayer quantum 
well structure. The concentration of hydrogen atoms 
contained in the p-type layer 15 is 1 x 1016 atoms/cm3 
or higher and 1 x 1019 atoms/cm3 or lower. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A substrate and n type layer which the laminating was carried out and was formed from 
the nitride semiconductor material on the aforementioned substrate, Two or more well layers in 
which each was formed from InxGa(l-x-y) AlyN (0<=x, 0<=y, x+y<l). The multilayer quantum well 
structure barrier layer by which each has two or more barrier layers formed from InsGa(l-s--t) 
AltN (0<=s, 0<=t. s+t<1), and the laminating was carried out on the aforementioned n type layer, 
A laminating is carried out on the aforementioned multilayer quantum well structure barrier layer, 
have p type layer formed from the nitride semiconductor material, and the concentration of the 
aforementioned hydrogen element with which the aforementioned p type layer is contained in the 
aforementioned p type layer including a hydrogen element The semiconductor light emitting 
device which is three or less three or more 1x1016 atoms/cm1xl019 atoms/cm. 
[Claim 2] The concentration of Mg element with which the aforementioned p type layer is 
contained in the aforementioned p type layer including Mg element is a semiconductor light 
emitting device according to claim 1 which is three or less three or more 4x1019 
atoms/cm1x1021 atoms/cm. 

[Claim 3] It is the semiconductor light emitting device according to claim 1 or 2 which contains 
the element chosen from the group which the aforementioned p type electrode becomes from 
Pd, Sc, Y. La, Ce. Pr. Nd, Sm, Eu, Tb, Ti, Zr, Hf, V, Nb. and Ta by equipping the aforementioned 
semiconductor light emitting device with p type electrode for impressing voltage to the 
aforementioned multilayer quantum well structure barrier layer through the aforementioned p 
type layer further. 

[Claim 4] The hydrogen concentration in the aforementioned n type layer is a semiconductor 
light emitting device according to claim 1 to 3 which is three or less 1x1017 atoms/cm. 
[Claim 5] It is the semiconductor light emitting device according to claim 1 by which the 
laminating of the aforementioned p type layer is carried out on the aforementioned multilayer 
quantum well structure barrier layer through the layer including Above aluminum by equipping the 
aforementioned semiconductor light emitting device with the layer containing aluminum further. 
[Claim 6] The thickness of a layer including Above aluminum is a semiconductor light emitting 
device according to claim 5 which is 5nm or more. 

[Claim 7] The step which forms n type layer by growing up a nitride semiconductor material on a 
substrate, Two or more well layers by which each was formed on the aforementioned n type 
layer from InxGa(l-x-y) AlyN (0<=x. 0<=y. x+y<l). The step which forms the multilayer quantum 
well structure barrier layer in which each has two or more barrier layers formed from InsGa(1"S- 
t) AltN (0<=s. 0<=t, s+t<1), The step which includes the step which forms p type layer by growing 
up a nitride semiconductor material, and forms the aforementioned p type layer on the 
aforementioned multilayer quantum well structure barrier layer The manufacture method of the 
semiconductor light emitting device which includes the step into which a nitride semiconductor 
material is grown up in the atmosphere which does not contain hydrogen gas, maintaining the 
temperature of the aforementioned substrate at the 1 st growth temperature. 
[Claim 8] The aforementioned step which forms the aforementioned p type layer is the 
manufacture method of the semiconductor light emitting device according to claim 7 which 
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includes further the step which drops the temperature of the aforementioned substrate from the 
groNA^h temperature of the above 1 st to 400 degrees C in the atmosphere which does not 
contain hydrogen gas after performing the aforementioned step which grows a nitride 
semiconductor in the atmosphere which does not contain hydrogen gas. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method 
of of the III-V group compound semiconductor light-emitting-device structure and the light 
emitting device which make nitrogen a principal component 
[0002] 

[Description of the Prior Art] While blue light emitting diode of high brightness using the GaN 
system compound semiconductor is put in practical use in recent years, development of a blue 
laser diode is performed briskly. Thus, the III-V group nitride system compound semiconductor 
attracts attention very much as a material of a luminescence device. 

[0003] From the former, the nitride semiconductor is growing by the hydride vapor growth (it is 
hereafter called the HVPE method in this specification), the organic-metal vapor growth (it is 
hereafter called the MOCVD method in this specification), or the molecular beam epitaxy method 
(it is hereafter called the MBE method in this specification). 

[0004] In the case of a III-V group nitride system compound semiconductor, it is very difficult to 
obtain the III-V group nitride system compound semiconductor substrate for creation of a bulk 
crystal growing the element of eye a difficult hatchet and a III-V group nitride system compound 
semiconductor very much. Therefore, silicon on sapphire is usually used. However, the grid 
mismatching between GaN and silicon on sapphire is large, and, as for the grown-up GaN film, 
the about two 109-1 01 0-/cm defect exists. This defect influences the optical output and life of 
an element. Then, an element is created using the false GaN substrate of the thick film GaN 
which decreased the defect using the selective growth of GaN. and room temperature 
continuous oscillation of laser is realized. 

[0005] In the light emitting device of a compound semiconductor, the remains impurity contained 
in an element becomes a problem together with a defect. In the arsenic system and the 
phosphorus system compound semiconductor, since the oxygen and carbon which are contained 
in an element influence the property and life of an element greatly, various measures which 
decrease such a remains impurity have been taken. 

[0006] The remains impurity which becomes a problem by the light emitting device of a III-V 
group nitride system compound is hydrogen. When growing up by the method which mentioned 
above the element structure of a nitride system compound semiconductor, an organic metal and 
ammonia are used as a raw material, and hydrogen or the hydride (for example, hydrogen 
chloride) is used as carrier gas. 

[0007] For this reason, the hydrogen of remains exists in the growth film of a nitride system 
compound semiconductor. By the light emitting device of a nitride system compound 
semiconductor, in growing up indispensable p type layer, the hydrogen of remains especially 
becomes easy to exist. Mg which is the dopant of p type layer, Zn, etc. are shells which are easy 
to combine with hydrogen. For example, the concentration of the remains hydrogen in the growth 
film of the nitride system compound semiconductor deposited by the MOCVD method is 2 - 
3x1019 atoms/cm3. when Mg concentration is 2 - 3x1019 atoms/cm3, and it is shown in 
Appl.Phys.Lett.. and Vol72 (1998) and pp1748 that the concentration of remains hydrogen also 
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increases with elevation of the concentration of Mg. 

[0008] When hydrogen combines with p type dopants, such as Mg and Zn, since activation of a 
dopant is barred, p type layer forms high resistance. 

[0009] The technology indicated by patent No. 2540791 is known as a means to prevent that p 
type layer forms high resistance from hydrogen, the technology indicated by patent No. 2540791 
— if — annealing is performed at the temperature of 400 degrees C or more in the atmosphere 
which does not contain hydrogen after growing up the III~V group nitride system semiconductor 
which doped p type impurity With this annealing, hydrogen is taken out from the III-V group 
nitride system semiconductor which doped p type impurity, and the p type III-V group nitride 
system semiconductor of low resistance is obtained. 
[0010] 

[Problem(s) to be Solved by the Invention] The hydrogen in p type layer cannot be enough 

extracted only with annealing in the inside of the atmosphere which does not contain hydrogen 

which is indicated by the patent No. 2540791 official report. For this reason, while the remains 

hydrogen in p type layer barred activation of p type impurity, there was a trouble of causing the 

fall of the life of the produced element. Remains hydrogen is for being gradually spread during 

energization and degrading a barrier layer. The patent No. 2540791 official report news has not 

made reference about the atmosphere in the case of growing up p type layer. 

[001 1] Moreover, when a barrier layer contains In, Mg and In also cause diffusion with diffusion of 

hydrogen. When especially a barrier layer adopts the quantum well structure which is a thin film, 

degradation of the barrier layer by In being spread with diffusion of Mg is remarkable. 

[0012] Moreover, when the remains hydrogen concentration of n type layer is large, and 

resistance of n type layer goes up, an element property gets worse. 

[001 3] this invention is made in view of such a trouble, and aims at offering a long lasting 

semiconductor device. 

[0014] 

[Means for Solving the Problem] n type layer which the laminating of the semiconductor light 
emitting device of this invention was carried out on the substrate and the aforementioned 
substrate, and was formed from the nitride semiconductor material, Two or more well layers in 
which each was formed from InxGa(l-x-y) AlyN (0<=x, 0<=y. x+y<1), The multilayer quantum well 
structure barrier layer by which each has two or more barrier layers formed from InsGa(l-s-t) 
AltN (0<=s, 0<=t, s+t<1), and the laminating was carried out on the aforementioned n type layer, 
A laminating is carried out on the aforementioned multilayer quantum well structure barrier layer, 
have p type layer formed from the nitride semiconductor material, and the concentration of the 
aforementioned hydrogen element with which the aforementioned p type layer is contained in the 
aforementioned p type layer including a hydrogen element It is three or less three or more 
1x1016 atoms/cm1x1019 atoms/cm, and. thereby, the above-mentioned purpose is attained. 
[0015] The concentration of Mg element with which the aforementioned p type layer is contained 
in the aforementioned p type layer including Mg element may be three or less three or more 
4x1019 atoms/cmlxl 021 atoms/cm. 

[0016] The aforementioned semiconductor light emitting device may be further equipped with p 
type electrode for impressing voltage to the aforementioned multilayer quantum well structure 
barrier layer through the aforementioned p type layer, and the aforementioned p type electrode 
may also contain the element chosen from the group which consists of Pd, So, Y, La, Ce, Pr, Nd, 
Sm, Eu. Tb, Ti, Zr, Hf, V, Nb, and Ta. 

[0017] The hydrogen concentration in the aforementioned n type layer may be three or less 
1x1017 atoms/cm. 

[0018] The aforementioned semiconductor light emitting device is further equipped with the layer 
containing aluminum, and the laminating of the aforementioned p type layer may be carried out 
on the aforementioned multilayer quantum well structure barrier layer through the layer including 
Above aluminum. 

[0019] The thickness of a layer including Above aluminum may be 5nm or more. 

[0020] The step at which the method of manufacturing the semiconductor device of this 

invention forms a style n type layer by growing up a nitride semiconductor material on a 
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substrate, Two or more well layers in which each was formed from InxGa(l-x-y) AlyN (0<=x, 
0<=y. x+y<1). The step which forms the multilayer quantum well structure barrier layer in which 
each has two or more barrier layers formed from InsGa(l-s-t) AltN (0<=s. 0<=t, s+t<1), The step 
which includes the step which forms p type layer by growing up a nitride semiconductor material, 
and forms the aforementioned p type layer on the aforementioned multilayer quantum well 
structure barrier layer Maintaining the temperature of the aforementioned substrate at the 1 st 
growth temperature, the step into which a nitride semiconductor material is grown up in the 
atmosphere which does not contain hydrogen gas is included, and, thereby, the above-mentioned 
purpose is attained. 

[0021] The aforementioned step which forms the aforementioned p type layer may include 
further the step which drops the temperature of the aforementioned substrate from the growth 
temperature of the above 1 st to 400 degrees C in the atmosphere which does not contain 
hydrogen gas, after performing the aforementioned step which grows a nitride semiconductor in 
the atmosphere which does not contain hydrogen gas. 
[0022] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained, 
referring to a drawing. 

[0023] (Example 1) As an example 1 of this invention, the example of light emitting diode (Light 
Emitting Diode) is shown. 

[0024] Drawin g 1 is the cross section of the Light Emitting Diode element 1 of the example 1 of 
this invention. The Light Emitting Diode element 1 was created by the procedure shown below. 
[0025] The AIN buffer layer 1 1 was grown up at the substrate temperature of 550 degrees C by 
the ordinary-pressure MOCVD method on the sapphire (0001st page) substrate 10. and 5 
micrometers of n type contact layers 12 of GaN:Si were grown up at the substrate temperature 
of 1 100 degrees C. In addition, "GaN to which GaN:Si" doped Si" is meant. The V/III ratio in this 
growth step was 2000. Both the carrier gas to this growth step and the bubbling gas of an 
organic metal are hydrogen. 

[0026] Next, substrate temperature is dropped to 760 degrees 0, carrier gas and the bubbling 
gas of an organic metal are changed to nitrogen, and the oxygen tension in the gas in a reactor 
grew up the multilayer quantum well structure barrier layer 1 3 of five periods of the well layer 
(2nm of thickness) of InO.35GaO.65 N:Si. and the barrier layer (4nm of thickness) of GaN:Si under 
the conditions of 0.7Torr(s). and grew up 20nm of antiflashing layers 14 of aluminum0.1Ga0.9 
N:Mg at this temperature. Then, substrate temperature was raised at 1050 degrees C. and 0.3 
micrometers of p type contact layers 15 of GaN:Mg were grown up. Thus, the step which forms p 
type contact layer 15 (p type layer) includes the step into which a nitride semiconductor material 
is grown up in the atmosphere which does not contain hydrogen gas. maintaining substrate 
temperature at (the 1 st growth temperature) of 1 050 degrees C. In addition, as carrier gas and 
bubbling gas of an organic metal, you may be inert gas other than hydrogen, such as an argon 
and helium. 

[0027] Carrier gas performed the substrate temperature reduction after growth with nitrogen gas 
after growing up the above light-emitting^device structures on silicon on sapphire 10. Thus, after 
forming p type contact layer 15, the temperature of silicon on sapphire 10 is dropped from 1050 
degrees 0 to 400 degrees C or less in the atmosphere which does not contain hydrogen gas. The 
temperature reduction In the inside of the atmosphere which does not contain hydrogen gas 
does not necessarily need to be performed to a room temperature. What is necessary is just to 
make it atmosphere until substrate temperature descends at 400 degrees 0 at least not contain 
hydrogen gas. 

[0028] The Light Emitting Diode element 1 was created by dividing into two the wafer with which 
element structure grew, etching until n type contact layer 12 is exposed to one wafer, forming n 
type electrode 16 of Au/Mo in the front face of n type contact layer 12. and forming p type 
electrode 1 7 of Au/nickel in the front face of p type contact layer 1 5. Here. "Au/Mo" means 
that the electrode is constituted by the multilayer structure of Au and Mo. 
[0029] The Light Emitting Diode element 1 emitted light by the luminescence wavelength of 
470nm, and the brightness of 3 cds by 20mA of drive current. The operating voltage at this time 
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was 3.3V. In the Light Emitting Diode element 1, as a result of performing an energization 
examination under a room temperature and conditions of 20mA of drive current for 1000 hours, 
as for luminescence wavelength, brightn ss, and operating voltage, after the 1000-hour 
examination [ energization ] was not seen by change, but the long lasting Light Emitting Diode 
element was realized. 

[0030] As shown in drawing 1 , the Light Emitting Diode element 1 (semiconductor light emitting 
device) of this invention Silicon on sapphire 10 (substrate) and n type contact layer 12 (n type 
layer) which the laminating was carried out through the buffer layer 11. and was formed from 
GaN:Si (nitride semiconductor) on silicon on sapphire 10, It has the multilayer quantum well 
barrier layer 13 by which the laminating was carried out on n type contact layer 12, and p type 
contact layer 1 5 (p type layer) which the laminating was carried out through the antiflashing 
layer 1 4 on the multilayer quantum well barrier layer 1 3, and was formed from GaN (nitride 
semiconductor), 

[0031] SIMS (Secondary Ion Mass Spectrometry) measurement performed evaluation with Mg 
concentration of the Light Emitting Diode element 1 , and hydrogen concentration. In addition, 
this SIMS measurement was performed using another side of the wafer divided into two. 
[0032] Drawing 2 shows Mg concentration and hydrogen concentration in the element structure 
measured by SIMS measurement. Mg concentration of p type contact layer 15 is 7x1019 
atoms/cm3, and hydrogen concentration is 2x1018 atoms/cm3. Moreover, that it is below the 
limit of detection of 1x1017 atoms/cm3 made clear the hydrogen concentration of n type 
contact layer 12. In addition, in order to realize a long lasting Light Emitting Diode element, as for 
the hydrogen concentration of p type contact layer 1 5. it is desirable that it is three or less 
three or more 1x1016 atoms/cm1x1019 atoms/cm. Moreover, as for Mg concentration of p type 
contact layer 15, it is desirable that it is three or less three or more 4x1019 atoms/cm 1x1 021 
atoms/cm. If Mg concentration in p type contact layer 1 5 becomes high, the hydrogen 
concentration in p type contact layer 15 also becomes high, and is not desirable. 
[0033] In this example, the oxygen tension in the gas in the reactor at the time of p type contact 
layer 1 5 growing was 0.7Torr(s). An increase of the oxygen in the gas in a reactor decreased the 
hydrogen concentration of p type contact layer 1 5. This is considered to be because for the 
hydrogen in p type contact layer 1 5 (remains hydrogen) to be removed when oxygen combines 
with hydrogen. Therefore, the hydrogen concentration of p type contact layer 1 5 is controllable 
by controlling the concentration of the oxygen in the gas in a reactor. That the rate over the 
total pressure of the oxygen tension in the gas in a reactor is three or less 4x1018 atoms/cm if 
it is 1% or less (7.6 or less Torrs) 0.00001% or more (7.6x10 to 5 or more Torrs) made clear the 
hydrogen concentration of p type contact layer 15. In addition, the hydrogen concentration of p 
type contact layer 15 is controllable also by adding to controlling the concentration of oxygen 
and controlling at least one of the bromine in the gas in a reactor, chlorine, ozone, and the 
concentration of CO. C02, NO, and N02 instead of controlling the concentration of the oxygen 
in the gas in a reactor. 

[0034] As an example 1 of comparison, the Light Emitting Diode element which used the barrier 
layer 1 3 as the monolayer (20nm of thickness) of InO.35GaO.65 N:Si was produced using the 
growth method mentioned above and the same growth method. As a result of performing SIMS 
measurement, the SIMS profile with which hydrogen concentration is 2x1018 atoms/cm3 in 
7x1019 atoms/cm3. and Mg concentration of p type contact layer of the Light Emitting Diode 
element of the example 1 of comparison is indicated to be to drayying ^ , and the same SIMS 
profile were obtained. As a result of measuring the brightness of this Light Emitting Diode lamp, 
operating voltage was 3.3V by the luminescence wavelength of 470nm, and the brightness of 1 .5 
cds in 20mA of drive current. 

[0035] It is made to grow up similarly as an example 2 of comparison using the growth method as 
the Light Emitting Diode element 1 that the growth step of the multilayer quantum well structure 
barrier layer 13 is the same. Carrier gas and the bubbling gas of an organic metal are changed to 
hydrogen after multilayer quantum well structure barrier-layer 13 growth. The antiflashing layer 
14 of aluminum0.1Ga0.9 N:Mg grew up 20nm and 0.3 micrometers of p type contact layers 15, 
and carrier gas created the Light Emitting Diode element after element structure growth using 
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the conventional method of performing the substrate temperature reduction after growth with 
hydrogen gas. Since p type contact layer 15 was high resistance if you have no heat annealing, 
this element formed p type contact layer 1 5 into low resistance by performing heat annealing for 
20 minutes at 800 degrees C among nitrogen-gas-atmosphere mind. 

[0036] As a result of performing after [ heat annealing ] SIMS measurement. Mg concentration of 
p type contact layer 15 is 7x1019 atoms/cm3, and that it is 6x1018 atoms/cmS made hydrogen 
concentration clear. As a result of measuring the brightness of the Light Emitting Diode lamp of 
the example 2 of comparison, operating voltage was 3.7V by the luminescence wavelength of 
470nm, and the brightness of 2.6 cds in 20mA of drive current. 

[0037] Moreover, the same growth method as the example 2 of comparison was used as an 
example 3 of comparison, the element which used the barrier layer 13 as the monolayer (20nm of 
thickness) of InO.35GaO.65 N:Si was produced, and the after [ heat annealing ] Light Emitting 
Diode lamp was produced like the example 2 of comparison. As a result of performing after 
[ heat annealing ] SIMS measurement, the hydrogen concentration of Mg concentration of p type 
contact layer 15 was [ in 7x1019 atoms/cm3 ] the same as that of the example 3 of comparison 
at 6x1018 atoms/cm3. As a result of measuring the brightness of the Light Emitting Diode lamp 
of the example 3 of comparison, operating voltage was 3.7V by the luminescence wavelength of 
470nm. and the brightness of 1.2 cds in 20mA of drive current. 

[0038] Drawing 3 shows the energization examination (aging) result of the Light Emitting Diode 
element 1 of an example 1 . and the Light Emitting Diode element of the examples 1 -3 of 
comparison. It turns out that the brightness of the Light Emitting Diode element of the example 
2 of comparison after 1 000-hour energization falls remarkably. Moreover, as for the example 1 of 
comparison which has the barrier layer of a monolayer, the fall of the brightness after 1000-hour 
energization is seen. On the other hand, with the Light Emitting Diode element 1 of an example 1, 
the fall of the brightness after 1000-hour energization is not seen, but the long lasting Light 
Emitting Diode element is realized. When an example 1 is compared with the example 1 of 
comparison, and a Light Emitting Diode element has a multilayer quantum well structure barrier 
layer, it turns out that the effect that the life of a Light Emitting Diode element is prolonged by 
reducing the hydrogen concentration in p type contact layer 1 5 is large. 

[0039] Drawing 4 (a), (b). (c). and (d) show the SIMS profile of the barrier-layer circumference 
before aging of the Light Emitting Diode element of the Light Emitting Diode element 1 of this 
example, the example 1 of comparison, the example 2 of comparison, and the example 3 of 
comparison, respectively. Drawing 4 (e). (f), (g). and (h) show the SIMS profile of the barrier-layer 
circumference after 1000-hour aging of the Light Emitting Diode element of the Light Emitting 
Diode element 1 of this example, the example 1 of comparison, the example 2 of comparison, and 
the example 3 of comparison, respectively. The portion of the mountain of In concentration 
shown in drawin g 4 (a), (c), (e). and (g) is equivalent to the well layer in a multilayer quantum well 
structure barrier layer, and the portion of the valley of In concentration corresponds to the 
barrier layer in a multilayer quantum well structure barrier layer. Drawing 4 (c) and (g) show that 
In of the well layer in the multilayer quantum well structure barrier layer of the Light Emitting 
Diode element of the example 2 of comparison is spread to the barrier layer after 1000-hour 
aging. Drawing 4 (a) and (e) show having not generated such a phenomenon that In of a well layer 
diffuses to a barrier layer with the Light Emitting Diode element 1 of an example 1 . 
[0040] D raw ing 5 shows the relative luminance of the Light Emitting Diode element after the 
1000-hour energization to the hydrogen concentration in p type contact layer 15. A relative 
luminance shows the brightness in early stages of energization as 100. These elements formed n 
type electrode 1 6 by Au/Mo. and formed p type electrode 1 7 by Au/Pd or Au/nickel. If the 
hydrogen concentration in p type contact layer 15 is three or less 1x1019 atoms/cm when p 
type electrode 17 is formed by Au/Pd as shown in drawing 5 , the brightness of an element will 
not fall after 1000-hour aging. Moreover, when p type electrode 17 is formed by Au/nickel. if the 
hydrogen concentration in p type contact layer 15 is three or less 4x1018 atoms/cm, the 
brightness of an element will not fall after 1 000-hour energization. 

[0041] Thus, it is desirable to use Au/Pd for p type electrode 17. Pd is a hydrogen storage metal 
and this is because hydrogen is prevented from this p type electrode 1 7 being adsorbed in the 
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hydrogen in p type contact layer 15 (remains hydrogen), and being remains spread in the 
multilayer quantum well structure barrier layer 13. In addition, as a hydrogen storage metal. Pd. 
Sc. Y, La, Ce. Pr. Nd, Sm. Eu, Tb, Ti, Zr. Hf, V. Nb. Ta. etc. are known, for example. When p type 
electrode 17 contains a hydrogen storage metal, the effect that p type electrode 17 is adsorbed 
in remains hydrogen is acquired, p type electrode 1 7 may have a layer structure containing for 
example, a hydrogen storage metal. Or p type electrode 17 may be an intermetallic compound 
containing a hydrogen storage metal. 

[0042] In order to evaluate the influence the hydrogen concentration of n type contact layer 
affects the life of a Light Emitting Diode element, the Light Emitting Diode element was created 
with the procedure shown below. The Light Emitting Diode element was created by [ after the 
oxygen tension in the gas in a reactor grows up the buffer layer 1 1 of AIN, and n type contact 
layer 12 of GaN:Si on the sapphire (0001st page) substrate 10. switches carrier gas and the . 
bubbling gas of an organic metal to nitrogen after that under the conditions of lOTorr(s) (1.3% of 
oxygen densities) and sets the remains oxygen tension m the gas in a reactor to 0.7Torr(s) (0.1% 
of remains oxygen densities) ] performing a process. When SIMS measurement of this Light 
Emitting Diode element was carried out, Mg concentration of p type contact layer 15 was 7x1019 
atoms/cm3. hydrogen concentration is 2x1018 atoms/cm3, and that it is 3x1017 atoms/cm3 
made clear the hydrogen concentration of n type contact layer 12. The luminescence wavelength 
of 470nm. the brightness of 2.7 cds, and the operating voltage of the initial property of this 
element were 4.1V in 20mA of drive current. The luminescence wavelength of 470nm, the 
brightness of 2.4 cds, and the operating voltage of the property after 1000-hour aging were 4.5V 
in 20mA of drive current. Thus, the fall of brightness and elevation of operating voltage were 
seen after 1000-hour aging. In addition, since 20mA of drive current is kept constant, that 
operating voltage goes up shows that resistance of an element went up. 

[0043] When the growth conditions of p type layer changed the hydrogen concentration of n type 
contact layer 12 like this element and the hydrogen concentration of n type contact layer 12 
was three or more 1x1017 atoms/cm, operating voltage went up from immediately after the start 
of aging, and elevation of the operating voltage of an element and the fall of brightness were 
seen after 1000-hour aging. Therefore, in order to realize a long lasting Light Emitting Diode 
element, it is desirable that the hydrogen concentration of n type contact layer 12 (n type layer) 
is three or less 1x1017 atoms/cm. 

[0044] Moreover, as shown in drawing 1 . the laminating of the p type contact layer 1 5 of the 
Light Emitting Diode element 1 is carried out through the antiflashing layer 14 on the multilayer 
quantum well barrier layer 13. The antiflashing layer 14 contains aluminum. It is prevented further 
that the remains hydrogen in p type contact layer 15 is spread in the multilayer quantum well 
barrier layer 13, and the multilayer quantum well barrier layer 13 deteriorates by operation of this 
aluminum. In addition, in order to acquire such an effect enough, a certain thing of the thickness 
of the antiflashing layer 14 (layer containing aluminum) is desirable 5nm or more, 
[0045] In addition, composition of a well layer is not restricted to InO.35GaO.65N. A well layer 
may also contain aluminum. Generally composition of a well layer is expressed with empirical- 
formula InxGa(l-x-y) AlyN (0<=x, 0<=y, x+y<1). Composition of a barrier layer is not restricted to 
GaN, either, but. generally is expressed with empirical-formula InsGa(l-s-t) AltN (0<=s, 0<=t. 
s+t<1). 

[0046] In addition, a substrate may not be restricted to the Oth page (0001) of sapphire, and may 
use the Ath page and Mth page silicon on sapphire. Moreover, you may use SiC. Si, or ZnO for a 
substrate. The crystal-growth method is not limited to the MOCVD method, either. The aspect 
of a fall of brightness also with the Light Emitting Diode element which grew by the MBE method 
was the same as that of drawing 3 . 

[0047] Thus, according to this invention, without being dependent on the crystal-growth method, 
the remains hydrogen concentration in a Light Emitting Diode element is controlled appropriately, 
and a long lasting Light Emitting Diode element is realized. 

[0048] (Example 2) As an example 2 of this invention, the example of the light emitting diode on 
a GaN substrate (Light Emitting Diode) is shown. 

[0049] Drawing 6 is the cross section of the Light Emitting Diode element 601 of the example 2 
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of this invention. The Light Emitting Diode element 601 was created by the procedure shown 
below. 

[0050] The film which consists of GaN:Si of 300-micrometer ** by the hydride VPE method on a 
sapphire (0001st page) substrate was grown up. and the GaN (0001st page) substrate 40 was 
obtained by removing silicon on sapphire by polish. On the GaN substrate 40. the ordinary- 
pressure MOCVD method was used and 1 micrometer of n type contact layers 41 of GaN:Si was 
grown up at the substrate temperature of 1 100 degrees C. Both the carrier gas to this growth 
step and the bubbling gas of an organic metal are hydrogen. 

[0051] Next, substrate temperature was dropped to 760 degrees 0. carrier gas and the bubbling 
gas of an organic metal were changed to nitrogen, the multilayer quantum well structure barrier 
layer 42 of four periods of the well layer (2nm of thickness) of In0.35Ga0.65 N:Si and the barrier 
layer (4nm of thickness) of GaN:Si was grown up, and 20nm of antiflashing layers 43 of 
aluminum0.1Ga0.9 N:Mg was grown up at 1000 degrees 0. Then, substrate temperature was 
raised at 1050 degrees C, and 0.3 micrometers of p type contact layers 44 of GaN:Mg were 
grown up. Carrier gas performed the substrate temperature reduction after growth after element 
structure. growth with nitrogen gas. The substrate temperature-reduction speed in this case was 
set as 1 0 degrees C/min. 

[0052] n type electrode 45 of Ti/aluminum was formed in the rear face of the GaN (GaN:Si) 
substrate 40, and p type electrode 46 of Au/Pd was formed in the front face of p type contact 
layer 44. 

[0053] Thus, the created Light Emitting Diode element 601 emitted light by the luminescence 
wavelength of 470nm, and the brightness of 3.3 cds by 20mA of drive current- The operating 
voltage at this time was 3.1V. 

[0054] When the 1000-hour energization examination of the Light Emitting Diode element 601 
was performed with a room temperature and 20mA of drive current, change did not have after 
1000-hour energization in luminescence wavelength, brightness, and operating voltage. 
[0055] SIMS measurement performed evaluation with Mg concentration and hydrogen 
concentration. Consequently, Mg concentration of p type contact layer 44 was 9x1019 
atoms/cm3, and hydrogen concentration was 3x1018 atoms/cm3. That it is below the limit of 
detection of 1x1017 atoms/cm3 made clear the hydrogen concentration of n type contact layer 
41. When Mg concentration of p type contact layer 44 was 9x1019 atoms/cm3, and the 
substrate temperature-reduction speed after a crystal growth was below 25 degrees C / min. 
that it is three or less 4x1018 atoms/cm made clear the hydrogen concentration of p type layer 
44. This SIMS measurement was performed using the wafer before forming n type electrode 45 
and p type electrode 46. 

[0056] In order that the thickness of a barrier layer 42 might investigate the influence which it 
has on the life of a Light Emitting Diode element, the Light Emitting Diode element 601 of an 
example 2 changed the thickness of one layer of the well layer in a barrier layer 42 to 1-50nm. 
and created the element. 

[0057] The light emitting device of the example 1 of comparison was created with the procedure 
shown below. Carrier gas and the bubbling gas of an organic metal were changed to hydrogen 
after barrier-layer 42 growth, the antiflashing layer 43 of aluminumO.1 GaO.9 N:Mg was grown up, 
and 0.3 micrometers of p type contact layers 44 were grown up. Carrier gas performed the 
substrate temperature reduction after growth after element structure growth with hydrogen gas. 
This is the conventional manufacture method. In addition, the light emitting device of the 
example 1 of comparison also changed the thickness of one layer of the well layer in a barrier 
layer 42 to 1-50nm, and created it. 

[0058] Drawing 7 shows the relative luminance of the element after the 1000-hour energization 
to the thickness of one layer of the well layer in a barrier layer 42. A relative luminance shows 
the brightness in early stages of energization at a rate set to 100. As shown in drawing j . the 
element of the example 1 of comparison has the large degree of element degradation, when the 
thickness of one layer of the well layer in a barrier layer 42 is 1 5nm or less. It made this element 
degradation clear by SIMS analysis that it is what is depended on diffusion with hydrogen and 
Mg. On the other hand, most diffusion of In, hydrogen, and Mg was not seen for the Light 
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Emitting Diode element 601 of an exampi 2. Moreover, when the thickness of one layer of the 
well layer in a barrier layer 42 is 1 5nm or more, the fall of the brightness after 1 000-hour 
energization is seen for the element of an example 2 and the example 1 of comparison. This 
cause is for grid relief of InGaN of a barrier layer to take place, and for the crystallinity of a 
barrier layer to deteriorate by this, when the thickness of one layer of the well layer in a barrier 
layer 42 increases. 

[0059] (Example 3) As an example 3 of this invention, the example of the laser diode (LD) 
created by reduced pressure MOCVD is shown. 

[0060] Drawing 8 is the cross section of the LD element 801 of the example 3 of this invention. 
The LD element 801 was created by the procedure shown below. 

[0061] The GaN buffer layer 21 was grown up at the substrate temperature of 550 degrees 0 by 
the reduced pressure MOCVD method of 76Torr(s) on the sapphire (0001st page) substrate 20, 
and 4 micrometers of n type contact layers 22 of GaN:Si were grown up at the substrate 
temperature of 1100 degrees C. Then. 50nm of crack prevention layers 23 of InO.05GaO.95 N:Si 
was grown up at the substrate temperature of 800 degrees 0, 0.5 micrometers of n type clad 
layers 24 of aluminum0.1Ga0.9 N:Si were grown up, having used substrate temperature as 1 100 
degrees C again, and 0.1 micrometers of n type guide layers 25 of GaN:Si were grown up. Both 
the carrier gas to this growth step and the bubbling gas of an organic metal are hydrogen. 
[0062] Change carrier gas and the bubbling gas of an organic metal to nitrogen, and the oxygen 
(02) partial pressure in the gas in a reactor then, under the conditions of 0.2Torr(s) (0.3% of 02 
concentration) Make substrate temperature into 760 degrees C, and 4nm of layers of 
InO.05GaO.95 N:Si is grown up. Then, the multilayer quantum well structure barrier layer 26 of 
five periods of the barrier layer (4nm of thickness) of the well layer (2nm of thickness) / 
InO.05GaO.95 N:Si of InO.15GaO.85 N:Si was grown up. and lOnm of antiflashing layers 27 of 
aluminum0.1Ga0.9 N:Mg was grown up at this temperature. 

[0063] Next, carrier gas and the bubbling gas of an organic metal grew up 0.1 micrometers of p 
type guide layers 28 of GaN:Mg at the substrate temperature of 1 100 degrees C with nitrogen, 
0.5 micrometers of p type clad layers 29 of aluminum0.1Ga0.9 N:Mg were grown up. and 0.3 
micrometers of p type contact layers 30 of GaN:Mg were grown up. Thus, the step which forms p 
type layer (p type guide layer 28. p type clad layer 29. and p type contact layer 30) includes the 
step into which a nitride semiconductor material is grown up in the atmosphere which does not 
contain hydrogen gas, maintaining substrate temperature at (the 1st growth temperature) of 
1 100 degrees C. In addition, as carrier gas and bubbling gas of an organic metal, you may be inert 
gas other than hydrogen, such as an argon and helium. 

[0064] After element structure growth did not introduce hydrogen gas in the reactor, but 
descended substrate temperature. Thus, after forming p type layer (p type guide layer 28, p type 
clad layer 29, and p type contact layer 30), the temperature of silicon on sapphire 20 is dropped 
from 1100 degrees C to a room temperature in the atmosphere which does not contain hydrogen 
gas. The temperature reduction in the inside of the atmosphere which does not contain hydrogen 
gas does not necessarily need to be performed to a room temperature. What is necessary is just 
to make it atmosphere not contain hydrogen gas until substrate temperature descends at 400 
degrees C at least. 

[0065] The wafer with which element structure grew was divided into two, it etched in the shape 
of [ of 200 micrometer width of face ] a stripe until n type contact layer 22 was exposed to one 
wafer, and p type electrode 32 of Au/Pd was formed in the front face of p type contact layer 30 
in the shape of [ of 2 micrometer width of face ] a stripe, and n type electrode 31 of 
Ti/aluminum was formed in the front face of n type contact layer 22. 

[0066] The LD element 801 carried out CW oscillation (continuous wave operation : continuous 
oscillation) at the room temperature. The threshold current at this time was 25mA. and threshold 
voltage was 5.1V. 

[0067] As shown in dr awin g 8 , the LD element 801 (semiconductor light emitting device) of this 
invention Silicon on sapphire 20 (substrate) and n type layer which the laminating was carried 
out through the buffer layer 21, and was formed from the nitride semiconductor on silicon on 
sapphire 20 (n type contact layer 22, n type clad layer 24. and n type guide layer 25), It has the 
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multilayer quantum well barrier layer 26 by which the laminating was carried out on n type layer, 
and p type layer (p type guide layer 28. p type clad layer 29. and p type contact layer 30) which 
the laminating was carried out through the antiflashing layer 27 on the multilayer quantum well 
barrier layer 26. and was formed from the nitride semiconductor. 

[0068] In addition, although the LD element 801 shown in drawing 8 contains the crack 
prevention layer 23, this is not the structure where it is indispensable for laser oscillation. The 
structure of LD element where it does not have a crack prevention layer is shown by the 
example later mentioned in the example 4. 

[0069] SIMS measurement performed evaluation with the hydrogen concentration of the LD 
element 801, and Mg concentration. In addition, this SIMS measurement was performed using 
another side of the wafer divided into two. 

[0070] p type guide layer 28, p type clad layer 29, and p type contact layer 30 of the hydrogen 
concentration of p type layer were 3x1018 atoms/cm3, and p type guide layer 28, p type clad 
layer 29. and p type contact layer 30 of Mg concentration were 9x1019 atoms/cm3. 
[0071] The hydrogen concentration of p type layer is controllable by controlling the 
concentration of the oxygen in the gas in the reactor at the time of p type layer growing by the 
same principle as the principle mentioned above in the example 1. Moreover, instead of 
controlling the concentration of the oxygen in the gas in a reactor To control the concentration 
of oxygen or also in addition, by controlling at least one of the bromine in the gas in a reactor, 
chlorine, ozone, and the concentration of CO, C02, NO, and N02 The hydrogen concentration of 
p type layer (p type guide layer 28. p type clad layer 29. and p type contact layer 30) is 
controllable. In this example, the concentration of 02 in the gas in a reactor is 0.3%. When the 
concentration of the oxygen in the gas in a reactor was 1% or less 0.00001% or more, that it is 
4x1018 atoms/cm3 made the hydrogen concentration of p type layer clear. 

[0072] LD element of the example 1 of comparison was also created. LD element of the example 
1 of comparison was created by the procedure which mentioned above p type layer (p type guide 
layer 28, p type clad layer 29, and p type contact layer 30) from the wafer which annealed for 20 
minutes and was obtained after growth of p type layer in the atmosphere of the temperature of 
800 degrees 0, and 100% of nitrogen concentration, using hydrogen as carrier gas at the time of 
growing up. It was checked that LD element of the example 1 of comparison also carries out CW 
oscillation at a room temperature. The threshold current in this oscillation was 30mA. and 
threshold voltage was 5.7V. In addition, when SIMS measurement estimated the hydrogen 
concentration of p type layer of LD element of the example 1 of comparison after annealing, it 
was 2x1019 atoms/cm3. 

[0073] LD element of the example 2 of comparison was also created. Although the structure of 
LD element of the example 2 of comparison is the same as that of the LD element 801 of an 
example 3. the hydrogen concentration of p type layer (p type guide layer 28. p type clad layer 
29. and p type contact layer 30) is three or less (below limit of detection) 8x1015 atoms/cm. The 
process which creates LD element of the example 2 of comparison is the same as that of the LD 
element 801 of an example 3. LD element of the example 2 of comparison also carried out CW 
oscillation at the room temperature. The threshold current in this oscillation was 30mA, and 
threshold voltage was 6.9V. Thus, as for LD element of the example 2 of comparison, threshold 
voltage was high rather than the LD element 801 of an example 3, and LD element of the 
example 1 of comparison. 

[0074] Moreover. LD element which used the barrier layer 26 as the monolayer of InO.15GaO.85 
N:Si (2nm) was also produced. With LD element which used the barrier layer 26 as the 
monolayer, when hydrogen was used as carrier gas at the time of growing up p type layer, and 
when nitrogen was used, laser oscillation did not happen. 

[0075] The energization examination of LD element of an example 3, the example 1 of 
comparison, and the example 2 of comparison was performed. 

[0076] D raw ing 9 shows the change of threshold current to aging time (resistance welding time). 
The increase in threshold current means degradation of LD element. It was checked that the LD 
element 801 of an example 3 carries out CW oscillation also of after energization of 8000 hours. 
On the other hand, as shown in drawing 9 , as for LD element of the example 1 of comparison 
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whose hydrogen concentration of p type layer is 2x1019 atoms/cm3, the element deteriorated 
after energization of 10 hours, and, as for LD element of the example 2 of comparison whose 
hydrogen concentration of p type layer is three or less 8x1015 atoms/cm, the element 
deteriorated after energization of 150 hours. Thus, the LD element 801 of the example 3 of this 
invention is long lasting LD element (semiconductor light emitting device). 

[0077] Drawing 10 shows the life of the LD element 801 to the hydrogen concentration of p type 
contact layer 30. Three kinds, Au/Pd, Au/Pt, and Au/nickel, were used as a material of p type 
electrode 32. Only Ti/aluminum was used as a material of n type electrode 31. In addition, in 
drawing 10 , LD element (namely, LD element which has the life of 8000 hours or more) to which 
degradation has not taken place after 8000-hour energization is shown as a LD element which 
has the life of 8000 hours. This is because only 8000 hours have passed after an energization 
examination begins, when the measurement data shown in drawing 10 is acquired. It is 
considered that LD element which has the life of 5000 hours or more is an excellent article. A 
dashed line 1001 shows the life of 5000 hours to drawing 10 . 

[0078] The material of p type electrode 32 influences the life of LD element greatly so that 
drawing 10 may show. If the hydrogen concentration of p type contact layer 30 is three or less 
three or more 1x1016 atoms/cm1x1019 atoms/cm when Au/Pd is used as a material of p type 
electrode 32, the life of LD element of 5000 hours or more will be attained. If the hydrogen 
concentration of p type contact layer 30 is three or less three or more 3x1016 atoms/cm6xl018 
atoms/cm when Au/nickel is used as a material of p type electrode 32. the life of LD element of 
5000 hours or more will be attained. If the hydrogen concentration of p type contact layer 30 is 
three or less three or more 4x1016 atoms/cm5x1018 atoms/cm when Au/Pt is used as a 
material of p type electrode 32, the life of LD element of 5000 hours or more will be attained. In 
addition, the range of the hydrogen concentration of p type clad layer 29 of LD element used for 
the energization examination mentioned above with reference to drawing 10 was the three or 
less same three or more 8x1015 atoms/cm3x1019 atoms/cm as the range of the hydrogen 
concentration of p type contact layer 30. 

[0079] In order to realize long lasting LD element so that drawing 1 0 may show, as for the 
hydrogen concentration of p type layer, it is desirable that it is three or less three or more 
1x1016 atoms/cm1x1019 atoms/cm. Moreover, as for Mg concentration of p type layer, it is 
desirable that it is three or less three or more 4x1019 atoms/cmlxl021 atoms/cm. If Mg 
concentration in p type layer becomes high, the hydrogen concentration in p type layer also 
becomes high, and is not desirable. It is thought that the cause by which the life of LD element 
becomes short when hydrogen concentration is lower than this desirable range is because p type 
layer will form high resistance and operating voltage will become high if hydrogen concentration 
is extremely low. 

[0080] In addition, it is not indispensable that the concentration of hydrogen is in agreement by 
each of three layers (p type guide layer 28, p type clad layer 29, and p type contact layer 30) 
contained in p type layer. If it is in the desirable range which the concentration of hydrogen 
mentioned above by each of three layers contained in p type layer, the effect of this invention 
that a long lasting semiconductor light emitting device is realized will be acquired. 
[0081] Moreover, it is desirable to use Au/Pd for p type electrode 32 so that drawing 10 may 
show. This is based on the principle mentioned above about p type electrode 1 7 in the example 
1, and the same principle. That is, when p type electrode 32 contains a hydrogen storage metal, 
the effect that p type electrode 32 is adsorbed in remains hydrogen is acquired, p type electrode 
32 may have a layer structure containing for example, a hydrogen storage metal. Or p type 
electrode 32 may be an intermetallic compound containing a hydrogen storage metal. 
[0082] Moreover, when the life of LD element to the hydrogen concentration of p type clad layer 
29 was evaluated, the relation shown in drawing 10 and the same relation were obtained. If the 
hydrogen concentration of p type clad layer 29 is three or less three or more 1x1016 
atoms/cm1x1019 atoms/cm when Au/Pd is used as a material of p type electrode 32, the life of 
LD element of 5000 hours or more will be attained. If the hydrogen concentration of p type clad 
layer 29 is three or less three or more 3x1016 atoms/cm6x1018 atoms/cm when Au/nickel is 
used as a material of p type electrode 32, the life of LD element of 5000 hours or more will be 
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attained. If the hydrogen concentration of p type clad layer 29 is three or less three or more 
4x1016 atonns/cm5x1018 atoms/cm when Au/Pt is used as a material of p type electrode 32, 
the life of LD element of 5000 hours or more will be attained. 

[0083] The hydrogen concentration of n type layer (n type contact layer 22. n type clad layer 24, 
and n type guide layer 25) also influences the life of the LD element 801. It is desirable that the 
hydrogen concentration of n type layer is three or less 1x1017 atoms/cm. 
[0084] Moreover, as shown in drawing 8 , the laminating of the p type layer of the LD element 
801 is carried out through the antiflashing layer 27 on the multilayer quantum well barrier layer 
26. The antiflashing layer 27 contains aluminum. It is prevented further that the remains 
hydrogen in p type layer is spread in the multilayer quantum well barrier layer 26, and the 
multilayer quantum well barrier layer 26 deteriorates by operation of this aluminum. In addition, in 
order to acquire such an effect enough, a certain thing of the thickness of the antiflashing layer 
27 (layer containing aluminum) is desirable 5 micrometers or more. 

[0085] In addition, composition of a well layer is not restricted to InO.15GaO.85N. A well layer 
may also contain aluminum. Generally composition of a well layer is expressed with empirical- 
formula Inx</SUB>Ga(1-x-y) AlyN (0<=x, 0<=y. x+y<l). Composition of a barrier layer is not 
restricted to InO.05GaO.95N, either, but. generally is expressed with empirical-formula InsGa(1-s- 
t) AltN (0<=s. 0<=t. s+t<1). 

[0086] With the LD element 801 of an example 3, although aluminum0.1Ga0.9N is used for the 
clad layer (n type clad layer 24 and p type clad layer 29), the mixed-crystal ratio of aluminum is 
not restricted to 0.1. Moreover, as a clad layer, the mixed crystal of AIGaInN may be used and 
superstructures, such as AIGaN/GaN, AIGaN/AIGaN. AIGalnN/AIGaInN, and AlGalnN/GaN. may 
be used. Thus, when p type clad layer 29 contains aluminum, it can prevent that the remains 
hydrogen of p type contact layer 30 is spread in the multilayer quantum well structure barrier 
layer 26 like the case where the antiflashing layer 27 contains aluminum. Moreover, when n type 
clad layer 24 contains aluminum, it can prevent that the remains hydrogen of n type contact 
layer 22 is spread in the multilayer quantum well structure barrier layer 26. 
[0087] Drawing 1 1 shows the life of the LD element 801 to Mg concentration of p type layer. 
Au/Pd was used as a material of p type electrode 32. When Mg concentration of p type layer is 
three or less three or more 2x1019 atoms/cm2x1021 atoms/cm, the hydrogen concentration of 
p type layer becomes three or less three or more 1x1018 atoms/cm3x1019 atoms/cm. If Mg 
concentration of p type layer is three or less three or more 4x1019 atoms/cm1x1021 atoms/cm 
as drawing 1 1 shows, the life of LD element of 5000 hours or more will be attained. 
[0088] (Example 4) As an example 4 of this invention, the example of LD element on a GaN 
substrate is shown. 

[0089] Drawing 1 2 is the cross section of the LD element 1201 of the example 4 of this 
invention. The LD element 1 201 was created by the procedure shown below. 
[0090] The GaN:Si film of 300-micrometer ** was grown up by the hydride VPE method on the 
sapphire (0001st page) substrate, and the GaN (0001st page) substrate 50 which removed silicon 
on sapphire by polish was obtained. On the substrate 50. 0.8 micrometers of n type contact 
layers 51 of GaN:Si were grown up at the substrate temperature of 1100 degrees 0, 0.5 
micrometers of n type clad layers 52 of aluminum0.1Ga0.9 N:Si were grown up, and 0.1 
micrometers of n type guide layers 53 of GaN:Si were grown up. Both the carrier gas to this 
growth step and the bubbling gas of an organic metal are hydrogen. 

[0091] Then, carrier gas and the bubbling gas of an organic metal were changed to nitrogen, 
growth temperature was made into 750 degrees 0. the multilayer quantum well structure barrier 
layer 54 of three periods of the barrier layer (4nm of thickness) of the well layer (2nm of 
thickness) / InO.05GaO.95 N:Si of InO.15GaO.85 N:Si was grown up. and lOnm of antiflashing 
layers 55 of aluminum0.1Ga0.9 N:Mg was grown up at this temperature. 
[0092] Next, with nitrogen, carrier gas and the bubbling gas of an organic metal grew up 0.1 
micrometers of p type guide layers 56 of GaN:Mg at the growth temperature of 1050 degrees 0. 
grew up 0.5 micrometers of p type clad layers 57 of aluminum0.1Ga0.9 N:Mg. and grew up 0.3 
micrometers of p type contact layers 58 of GaN:Mg. The oxygen density in the gas in the reactor 
in this case could be 0.08%. 
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[0093] Next, it etched until n type contact layer 51 was exposed to the wafer with which 
element structure grew in the shape of [ of 200 micrometer width of face ] a stripe, and p type 
electrode 60 which becomes the front face of p type contact layer 58 from Au/Pd was formed in 
the shape of [ of 5 micrometer width efface ] a stripe, and n type electrode 61 which consists 
of Ti/aluminum was formed in the rear face of the n type GaN:Si substrate 50. 
[0094] Thus, the manufactured LD element 1 201 carried out CW oscillation at the room 
temperature. The threshold current in this oscillation was 20mA, and threshold voltage was 5.0V. 
It turns out that change is not seen by threshold current and threshold voltage in the LD 
element 1201 even if 1000 hours pass after an energization start, as a result of performing an 
energization examination with a room temperature and 35mA of drive current, but long lasting LD 
element is realized. 

[0095] As mentioned above, it is not based on the material and the growth method used of a 
substrate, but a long lasting semiconductor light emitting device (a Light Emitting Diode element 
or LD element) is realized by this invention. 
[0096] 

[Effect of the Invention] According to this invention, concentration of the hydrogen element of p 
type layer of a semiconductor light emitting device is made into three or less three or more 
1x1016 atoms/cm1x1019 atoms/cm. It is suppressed by this that the hydrogen of p type layer is 
spread in a multilayer quantum well structure barrier layer, and degradation of a multilayer 
quantum well structure barrier layer is suppressed. Therefore, a long lasting semiconductor light 
emitting device is realized. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the Light Emitting Diode element 1 of the example 1 of this 
invention. 

[Drawing 2] It is drawing showing Mg concentration and hydrogen concentration in the element 
structure measured by SIMS measurement. 

[Drawing 3] It is drawing showing the energization test result of the Light Emitting Diode element 
1 of an example 1, and the Light Emitting Diode element of the examples 1-3 of comparison. 
[Drawing 4] (a) - (d) is drawing showing the SIMS profile of the barrier-layer circumference 
before aging of the Light Emitting Diode element 1 of this example, and the Light Emitting Diode 
element of the examples 1-3 of comparison, respectively, and (e) - (h) is drawing showing the 
SIMS profile of the barrier-layer circumference after 1000-hour aging of the Light Emitting Diode 
element 1 of this example, and the Light Emitting Diode element of the examples 1-3 of 
comparison, respectively. 

[Drawing 5] It is drawing showing the relative luminance of the Light Emitting Diode element after 
the 1 000-hour energization to the hydrogen concentration in p type contact layer 1 5. 
[Drawing 6] It is the cross section of the Light Emitting Diode element 601 of the example 2 of 
this invention. 

[D rawin g 7] It is drawing showing the relative luminance of the element after the 1000-hour 
energization to the thickness of one layer of the well layer in a barrier layer 42. 
[DrawingjB] It is the cross section of the LD element 801 of the example 3 of this invention. 
[Drawing 9] It is drawing showing the change of threshold current to aging time (resistance 
welding time). 

[Drawing 10] It is drawing showing the life of the LD element 801 to the hydrogen concentration 
of p type contact layer 30. 

lQl3mDK l^^^^ It is drawing showing the life of the LD element 801 to Mg concentration of p type 
layer. 

[Dravym^^^^^ It is the cross section of the LD element 1 201 of the example 4 of this invention. 
[Description of Notations] 
10 20 Silicon on sapphire 
40 50 GaN substrate 
1121 Buffer layer 

12, 22, 41, 51 n type contact layer 

13, 26, 42, 54 Multilayer quantum well structure barrier layer 

14, 27, 43, 55 Antiflashing layer 

1 5, 30, 44, 58 p type contact layer 

16, 31, 45. 61 n type electrode 

1 7, 32, 46. 60 p type electrode 

24 52 n type clad layer 

25 53 n type guide layer 

28 56 p type guide layer 

29 57 p type clad layer 
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23 Crack Prevention Layer 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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(54) [9S99«>«»] 2NM9i^']F«J:CR-<D«%9^ 



(57) [^m] 

nMS12t. «n-en*!I n.Gat....,,A 1,N 
(O^x. O^y. x + y<l) *>6?^fi8Snfc1®S© 
#FIB<t, -e-n^n*tl n.Ga<i....,A l.N (0^ 
s. O^t. s + t<l) *>6?^fi!cSn/cffi|gl[©»SJ» 
i * W L. . n MH 1 2 0±ic9m S tifc^mM'f-^Wm 



a«. 1 X 1 0"a t oms/cm'Jlii±l X 1 0"a 
t oms/cm'JilT"CS>-5. 




■5-n-e<i3&iI n,Ga,i..-v)A UN (O^x. 0^ 
y. x+y< 1 ) *^60^$n/cttlK®#F)Si. <rtl 
n.Gati-..„A 1 ,N (0 ^ s. O^t, s 

+ 1 < 1 ) ifiiimmstiicmL<ommmi.=i:mo, msz 
BtjiepSS«*^sR?:$*> BfrfapM»«:#$n-5.H5f 

ie*5S7C^©iga«. 1 X 1 0" a t om s/c m'JJt 
±1 X 1 0"a t oms/cm*JWT-C*4, 

«{C$*n-5Mgr7CiS©fiS@f». 4X10 atoms 
/cm'fel±l X 1 0"a t oms/cm'jyT-C**. 

op^se*$6(cm. iuiapMai@«. Pd> s 

c. Y. La. Ce. Pr. Nd. Sm, Eu. Tb. 
Ti. Zr. Hf. V. Nb*jJ:OfTa*>6!&r-5SfJ:i5 
SJR § ti?c7c3R«:^tj. mm 1 *fctt 2 CCi2t8©ii£3i 

[^^4] MianSfe«:*jt:f-S;4<3RigS». ixi 
0"a t oms/cm'jyTr**. »3jGll~3©l,» 

•rn*^K:ta3ScDi|i3itti%^^^. 

firfBpM)l». iJiBA 1 *^tyB*:A-l/-C 

fma#tJis^^#F«jtffitt®cD±{cae3tirt>i. » 

tfS*3® 6 ] BfrtBA 1 *$tf »©»/5tt 5 n mfelht? 

•It « C i «: J: o rn MB*JgRRT-5;< ^ ::^<b « 
mrianM®©±K:, -e-n-^n** I n.Ga„...„ a l , 
N(0^x. O^y. ■x.+ y<\) ifibmm.^tifdmL 
©#FJB<i:. ^n-en*M n.Ga, A 1 .N (0 
^s. O^t. s + t<l) 3&>63gfiS3n;te^©BS 

«iriE^mfi^^F«3itS14jl©±tc. ll{t!Bi*^{*M*4 

1 ©RSSSg{c«%oo. *^*fX?:$*Aj:t,s#H^rp 



C2) 1«ra2 00 1-2 982 14 

2 

[ii^3S8 ] tJfiapsasjKfiS-r-sfiiifaxT- y 

|iffa:^7"-?:/*ffofc^{c. 7k5g//;^*^3s*i,^:SJffl$t 
ti-cfrsas«©ias4B!riai9 1 ©figfiias*>e>4 o o -c 

ia«©*i»«:^3fe^^©KJg^iS. 
[||^©PilBl^.ci$iDj] 

[000 1] 

10 4 I I I -VSK{b^!^¥»«i:^3feS^-«Jg*Jj;C;f|%*JR 
^=■©i!!ji:^K:05T■5, 

[0002] 

[fie*©fi?'p|5] ia^. GaNiK^b^ifi*ft*fflli/clS 
iJ?a©»fel%3(&a^-C:*--F*JJIMb$n-5<i:<bfe{C. » 

©<J:^{c. I I I -vi^fbiBj^fb^^^mJ^f* 
[0003] S[<ti^i|iaW*:«. Y'^A k 

20 mmsiWk^msstm. (ot. 3|s?§ifiBS*-cM0GVDa 

[ 0 0 0 4 ] I 1 I - V«5^^bi^JS^b^¥a«*©tB 
^. >'^vi/i'ilSS©f'PfiR!6i*1i:«:B»l«c/£:a«). I I I -v 

^\mm'c^^mw<o%=i-^^S€9-i>it>b<o\ i i 

L*>L/. GaNi1>-7r-/r»Ki©fffl©*S^:?^fiE 

^*i7^t<. ^gLfcGaNM}*! 0'~1 0*°/cm' 
30 ga[©i»iRi*J#«El/-C(,iS, C©5»^». Jg^©?IStb:^ 
*Jj:Cf^{cK»-r4. -tC-C. GaN©afR(!RS%ffl 
<.»r5»jR|*i«iJ>3-t*fc;?MGa N©lifKG a NSS^ffl 
U-if©Siaa«^fg*!t||il34a 

[0 00 5] {b^4i»^©^5^^^cc*$t,^r. ^<i^<t 
afe^■crajli^c3^c s©*j|g-? ©tt3«:#s n2.^a:^^M%-e 
fti. 51t5Ri^. »JSfb^^»t?»3RT{c#$nSK 
«. j^*JSR^©!|#14&afflN^K:*:# < je»-r-5fc«>. 
c© J: ^ «tglS;RW!gl4«4>S ■a-'SSI^ i&Bl 0 ifi*3&^^f 
40 tonr^fc. 

[ 0 0 0 6 ] I I I - VJKS^biBllS^b^©!^*?^^^ 

aw*©^^^«lig4±j^o/<l:^■cs£fi•r•5^©^. Ji^i 

[0007] C ©/!:». S{biBja^^b^igNSi»fl:©(SSie 
50 «:«. «S©*5g*s#*El/-?>-r< pMJS©F--'< 



C3) 

3 

m^it. Appl. Phys. Lett. , Vol 
72 (1998). ppl 7 4 8{C{*. MOCVDffiCC 

7k3R©«S«. Mgjaa*i2~3 X 1 0'*a t oms/ 
cm'©Ja-^K:2~3 X 1 0"a t oms/cm'-C* 

[0 00 8] 7KlS7!)iMg> Zn^©pS/K--'<> hijg 

[0009] *jR-c p mmammnifri c t^m^-r 
i^mt Lx. <^m2 5 4 0 7 9 1 #«:ra^3n*s 

JI5*J^^*iri>-5. it#i¥02 5 4 0 7 9 1 -^KPg^j^Stv 
SjRJR-CW. pM:5f;if«e^^:K-t>yL.ft:I I I -VS? 

0 0 •cJij(±cDSSrr-- u > i^j&nf c©t 

:^-U>i^CCJ:»3> p^;pi^ifel* K-f^i'U/t I I I 

1 I -V|^{b«J»¥S»(*3W#6tli. 20 

[0010] 

[fgBJj&sJS^UJ;^ i-rSSS] #l*»2 54079 1 

<DT^-y>y/i:Wt?». pMe*©*ss*+^s< c 
tifiXfttnK C<D?c«). pMJi*©^S^kSR*SpSt=P 
ireiBj©?Stt^b%»5ilf i i <!: fete. imVfc»f-<om(KD 

{cej{^{cffi;«S(L. «ttB*^fb$-t±*/c46-C*S. !Rfi¥ 
IIP2 5 4 0 7 9 1 P S!H«:^g-r Sti^CC 

[0 0 1 1 ] rgtt»*M n *^tfi5i^«:«, 7KSR 

[0 0 1 2] If A:. n3SS©»@7K3!(f«e;»i:^»l««^ 
[0013] C®J:^)5:WIH^K:®*r!a:3 
[0 0 14] 

A 1,N (O^x, O^y, x + y<l) ifihM 
fiSSnfc1fiS^©#Fflli. -en-en^M n.Ga<x...., 
Al.N(0^s. O^t. s + t < 1 ) 



#M2 0 0 1-298 2 1 4 
4 

sua^'gr^A. strsspMise^^Tc^'&d^. msepM 

»{C«*n-5friB*5R7cSR©«fi«. 1 X 1 0" a t o 

ms/cm'JW±l X 1 0"a t o m s/c m'^T-C* 

[0015] friBpS!Jl«Mg7c3g«:$*. friBpM/l 
{C^SnSMsTcSROaSW. 4x10" atoms/ 
cm'feLhl X 1 0"a t oms/cm'&.T'C3b'3Xi> 

[00161 fnB*3li*lfe3t«^». «!IiepS!®4/M^ 

pM«fiB*3 6{C{i;i. l(riepM«ffi». Pd. Sc. 
Y. La. Ce. Pr. Nd. Sm. Eu. Tb. T 
i. Zr. Hf. V. Nb*JJ:CXTa*'6*4^J:9« 

[0017] g?rtanMfli«:tew**sR?«a». 1x10 

"at oms/cm'«T'C*-3rfcJ:tio 
[0018] Wmmmi^m^'f-it. A 1 *$ty)B^3 
6tcm. iJIBpStJaW. HtriBA 1 ^rStfJi^/i-UrM 
f B5t»S^#F«jifS14H©±K:8W 3 n-Cl >r J: 
in 

[0019] wflBA 1 4#tf®©B/?«5 n mfet±-C* 

[002 0] 2|s:«H^©¥^f!^^^siji-r.s:^i*«. » 

«naJB*J^figf ::^<!:. -en-enj&J I n.Ga 

„...„A 1,N (O^x. O^y. x + y<l) ipii>B 
e£S4l/c«St©#FH<i:. -e-n-etiAil n.Gaci— .5 
Al.N(0^s, O^t. s+ t< 1 ) *i6?&^3n 

mth:^Tv:ft. B^IB^^«fi^#F^3SjS1±«©± 
{c. M^b!gJ*««cW*4*^S31i^>Citc<J;o-CpSi]l 

*0iiS-r*;i^^f 7't«r'a$L/. frsapMJi^JiJfiS-re 

fJfBSS©Sg*lll©SSSSS«c<S^o 
*«;</;^«^*!&:l,»#ffl5l*-CS^b!^4i*«c«if44 

[002 1 ] «rlBpSiH*0fi£-r.SBirtB;5^f f :?'»v * 

'ctJies®©iaa:«:t(iiBSf 1 o^^usi^hA 0 0 -cs 

-CI^TS'li'-S.Xf-s* :/43 eic-a^Jl/Tfe 
[0022] 

[0 02 3] {^m\) ^m<ommi tijx. ^ 

ytif^*- K ( L E D ) (Dm^mt. 

[ 0 0 2 4 ] 0 1 «. ::^^m<DmMm 1 ©l e um^ 1 
(ommm-ciii. ledsr^iw. «T«:^3ns#WB 



5 

[0 02 5] if*:7T-rr (0 0 0 iffi) s«i o±ccs 

GEMOCVDffiCcJ:0 A 1 N^^^yrMl 1 ^rSffiiSa 
5 5 0 "Cr^Sl/. SSSS 110 0 'C-CG a N : S i 
OnMri^^'^ 1 2*5Mm^g$-lf/Co tji^. 
rGaN:Sij«. S i * F-:/L/cGa Nj 
-r-So CCDgSiSapgrcDV/I I Ittt3:2 0 0 0r*o 

[0 02 6] x^^cS«iaS^7 6 0-CCCTK^$1±. 
t; T *j <fc W«l^)lor»'N- zrv>^tf:^ *^ W 0 
Jg:tB^FrtO:</:^ctiK:*j&:fi»3R^E35>iO. 7To 
rrCD^ft^rr. I no.,,Gao.»,N : S i CD#FiB 

()g/?2nm) :|dJ:0*GaN : S i <DPSM« n 
m) 05^^0^JlS^#F«igffitt/il 3%^g$ 
it. I^SarA lo.tGao..N : MgCDlK^BSltlBl 4 
4:2 0 nm^S$-lf /Co ^Of^. SKSiS* 1 0 5 0 'C 
tC±S§1±. GaN : Mgr(Z)pM:3>df ^ h® 1 5* 
0. 3Mm^SS-l±3fto C©J:5CC. pS:3>^^h» 
1 5 (pMJS) ^mjSL^^::^7^v^\t. SfiSS^rl 0 
5 0 -CO (miO^SiaS) tC^^oo, *3R:^X*^ 

:/*'a#-r€>o /cC*j. ^^i' »;r;^X:te<J:^/*t5^)SO>'^• 
il^o^Rgtt;^/^ o r cfc t^o 
[0 027] W±cD<fc ^ /cC^fg^-^ag^lf :7 r TS 

hJBl 5^?f$^L/cm. 1f:7y-^T»«l OOffl 
7k^:VX^^*/j:Ci#ffla43-ci 0 5 O^CiPhA 
0 0-CJ[iiTST^T5i±6n'&o **:^X^^^^cli# 

g»/j:i^o ci>u < t hmmm&fj^A 0 0 -ccc^T-rs * 

:&(D'i7 3:>'>tCnMn>^^ h® 1 27&iSWr-S*rx*:r 
^>^^r^fO\ n^n>^d^ hjg 1 2(D*fflK:, Au/ 
Mo(7)n§!SSl 6*ff^^L, pS=J>^^ hH 1 5c^) 
affile, Au/N i (Dp^^l 7^ff$^-rSCi^ck 
0. LE l^ff^Sn/Co CCr. TAu/M 

oj ii*. Au<hMo<b(Di^»«JgtCj:9«ffi:6««^3 

[0 02 9] L E 1 |gJ&«fiS2 0 mAri%^fe 

iSfi4 7 0nm. WfiS c d^ClfeJlfeL/t. CCr>i*or>«l 
{^mjE«3. 3V'C*-:>/Co LED^T-l^m. 
SSfe2 0 mACD^Tr 1 0 0 0 B$ffflii«KK*tf r>/c 
J»«. 1 0 00B#raii«ttSi»4>^«[fi, 

B6{^miEk:a:{t«;?^e>n-r. fii?#<3[)LED3R^)5rJ||3s 

[ 0 0 3 0 ] H 1 CCTFSn-SJ: 0 CC. *«?a(DL e dir 



(4) «fra2 00 1 -2 98 2 1 4 

6 

Ti (ij^*«:^3iaR-^^) t^^T>r7S«io m 
Lrsji^n. GaN : s i (mim^m ty^f^mfs. 

$n/cn^n>t>^ hJil 2 (nSfli) nS[=i>^? 
^ h« 1 2 ©J:«:aJB3nfc^H«^'#Fffitt« 1 3 

^m&^pm^m i 3cD±cc^i%gs±ja 1 4^/^ 
ora/ssn. GaN (^^i:«5*2$») *^e>jK^sn/c 

pS3>tSri5^FJil 5 (pSW) <b*mriiSo 
[0031] SIMS (Secondary Ion 
10 Mass S p e c t r ome t r y ) S'JS^J:*?. L 
ED^R^l(DMfi^^fiS<b^k*^fia<^:cosffi^:^fo/Co /jc 
*5. CCDS IMSi»J^«. 2^«JU/c'?x^>(3[>ftfe:^«:« 

[oo3 2]|gi2«, s iMsajjsccjiDaas^n/c* 

^«i§*©MgJfia<b*3R«S<!:*7jR-ro pS3>^^ 
hJl 1 5<DMgi8St3:7 X 10"atoms/cm't? 

*IRifte[»2 xio^'atoms/cm'rft 
So */c. nMnv^^hBl 2©*3Ri«ffi«l XI 0 
^'a t omsycm'(D^mm^l^TFT$>^Ctf>mm 
20 U/Co ^*5. S^<DLED3R^-*||3irS/ca«>tC«, 
pMa>ar^ hJBl 5(D*lRiftfi»l X l 0"a t om 
s/cm^«±l X 1 0"a t o m s /c mH:(Tr*S 
Ctf)mibl>o ^tc. pMn>:$?>; hJgl SOMgr* 

4X 1 O^'a t oms/cm'i^±l X 1 O'^a 
t oms/cm'feiTr*SCi*i»SUCio pM=i> 
F® 1 5cfiCDMgtSS:7!>^lS</cCS<i:, pS3>^:5^ 
hSl 5*cO;*lR?gafeW<ftorU^C^ 0^U<fj: 

[ 0 0 3 3 ] ^SeStt^rti. pMn>3?i5; h® 1 5>!^^ 

Tor rr*o/Co SjS^rtO^::^*CCtet:f SKlR*it 

nyr^t. pS3>»^h® i 5(D*^a3&5i^r:i>u 
/Co cn«. KS?&i*«<tte^-rscitcj:or. pm 

h»l 5i*i(D*3R (glB*3R) ifi^^^ti^fc 

ni 5©*5R?«ft«:©JtI-rSCi;&ir#So SfE^rtO 
;</Xct3^*5t^SK3R»lE<3[>:^E(C*ft-S«J^3&^ 0. 0 

000 1%tLb(7. 6X 1 0-*To r rfe(±) l%fet 
40 T(7. 6 To r r fe^T) -C&nW. pS!:3>^t57hH 

1 5<D*5RiftK«4x 1 0*»a t o m s/c m^WTt? 

^v^>. CO, CO,. NO*5j:C/NO,(D« 
«<D4>35:< i^) lo«:ftBai'r4C<i:tC<fcor«>, p^ri 

> » ^ h » 1 5 ©7k3Rt«s*ft«ffli-r s c i ^^^r* So 

[0034] ibSJM 1 t Ur . ±au/c^g;^^<!:|5ia 
Oii£S:;^a^^fflc^r. ffisai 3^ I no.^^Ga 
50 o..sN : S i O^B (ig/¥2 0 nm) iCL/cLEDlR^ 
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t oms/cm''C*S5i<lS«2 X l 0*'a t oms/ 
cm"CS>*). E2«:^3nSS IMS>»'a77"f;l'i 
|5I«©S I MS7"a7T-Y;U*Jf#6n/c, C<DLED5 

S4 7 0nm. 5 c dr. tbimmtS. 3V 

[0035] immz t L/T. ^«S^#F1ll3Sr£14B 
1 3 ©^SSSPIfS-CWL E DJRiF- 1 iig«©fiRS:^* lO 

fflt>risi«{c^S3#. i^jas^#Ffli3ifgffiB i sex 
Sfscc + 'J T X *j i >; > y * 

7|<^{C^>)#^. A l..,Ga,.,N : Mg<D^B5±JS 
14420nm, pSn^^'i' h« 1 540. 3 umJiJi 

51* 8 0 0 'CT 2 0 ^MS»T--;l'«:tf ^ C i iC J; ») p 
M=»>*i' mi 5%®J6iS{bl/^, 20 
[003 6] f^T--Jl'©fgS I MSaiJ^^tf ■:>ft:i^ 

pSf3>^i' h)B 1 50MgiSSW7 X 1 0*'a t 
oms/cm'-C. *SSraa«6 x 1 0" a t o m s/ 
cm'-C*5Ci*ifiJBJL/t. itmiZ <DL ED "7 

(oms^mmLtc^m. iga&«S£2 0mAT?^?S[fi4 
7 0nm. »a:2. 6cd-c, m'^^mts. 7Vr* 

[0 037] J:kl5tai3 i Ur> i:bt5t^2 ilSI«© 

fi£g:^^rfiefflb-C. immi 3«:I n..,,Ga 
...,N : S i©^JB (Bff2 0nm) (CU/t3R^%f¥t« 30 

Ufc. J^T::-- MgS IMSa'J5e?:?f-o/cije*. pMn 
>5?i' h» 1 5<DMgm&it7 xiO"atoms/c 
m'-C;4aR«S«6x 1 0»»a t om s/c m'-Ci:bl50!l 

3tmmv$>-jtc. mm 3 <DL ED =7 ^^(DmsLim 

mota^m. lg«)««52 0mA-C^jSS4 7 0nm. 

2cd-r. Wii^mmts. 7vr«oyt:. 

[0038]ISI3». SIJfit^KDLEDSR-^-lteiO'tb 
%^r. 1 00 0^iaiii«a©lt«WI2<i!>LED3R^© 40 

m^^mt^mm u*. i o o o mfeiMmr^<mm.<o& 

■c« 1 0 0 0B#raam«©fl[soffiT*m6ti-r. 
^©LEDjR^=-*!!|i3i3n-c(,»4, mnmi titmil 

t^tmr^t. pSt=i>tSf4' hSl 5cti©/K3Rj*K4 
(Bia-r -5 CitCJCoTLE D«^©*^**Saf*S5b* 

«. LED sR^*s|jafi^#F«tJi«i4«**rr 

(0039] ia4 (a) . (b) . (c)*sJ:C/<d> 50 
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»*n^n. 2|s:iiM««i©LEDjRT-i . ibtSFHi. tm 

Ca|2 *jJ:yftb®«a|3 ©L E D5R^©x-i^> 5^fr©rS14 
)lJa2©S lMS7'D7y-<;U*n^-r, 04 (e) . 

( f ) . ( g ) *j<fccx ( h ) B^n-en, ^iiifimL 
E DjRiF 1 . tbiij^ 1 . mm2isj::/tmm3<DLE 
D3R^© 1 0 0 0B#iax-i;>>i^fi©r£i4jijaia©s i 

MS:^a7T-riU%^-r. 04 <a> . (c>. (e) 
fciCX (g) (Cjj^^nS I niSS©ilj©gp^«. ^@fi 

ai5»». ^a*^#F«Kisi±ia«©wsa«:*t]j;b-c 

l^-S. 04 (c ) *JJ:0' <g) lOOOBtrax- 

i/s. mm 2 © L E D3s^^©^«a^#Fflt3irs 

04 (a) *J<fcCX <e) #FJ1©I n*ip| 
e«-^i£tSfr-5{:©J:^^c3^«. jliSF9l©LED3R 

[0040] 05». pa3>a'i' hSl 5«©*3R« 

atcjpfr s 1 0 0 0 mmmmkoL e DjR^^©tBJ=f»a 

f. cne.©SR^«, nMSei 6*Au/Mo«:J;»3 
JgfiSEU. pSai^l 7 5rAu/Pd$fcttAu/N i 
J;*)?^*!SLfc. 05K:^3n-SJ:^cc. pg(Sfiii7* 
Au/Pd«:J:i3J^fiSl.yt:i&&«:B. pM3>5ti»hJg 

1 5cf©*#Slga*M X 1 0"a t oms/cm'OT 
-C4)ti«l 0 0 OB#Hlx-i;>i^^K«>lg^©»m*<g 
TL/J&t^. pSf«@l 7 4Au/N i (CjctlJgfiX 

Ltcm^tCit. pM3>3'i'HB15 tti©*3RiSa*i4 
X 1 0*'a t oms/cm'«T-C*n«l 0 0 O^ffl 
S«f*K: ^>^^=•©ii»Ktt<STl/^cc>. 

[0 04 1 ] C©J;^>K:, pSf«ffil 7K«Au/Pd 

p mmm 1 1 kir* s n. c ©«s*3R*s^Hfi^#F 
«tjSiStt« 1 3 K:ffi;jlSfr c i *iS»tf 6 n s *^ 6 1?* 

So ^c*j> iif.m(m&mt\yx\x. m^\t. Pd. s 

c. Y. La. Ce. Pr. Nd. Sm. Eu. Tb. 
Ti. Zr. Hf. V. Nb*Jj:0fTa^*ito6n-CC> 
So pSimffil 7*i7K5Ri¥j^«=&$tfJa^«c. 
JRj&ipMSffil 7«i:eRi!l3nstc>5J5!i^*Jf#6n-5. 
pMS«il7». mtf. 7)cjRSfSS^JS«d<tfJBtttji4 
WU#S. *Sl<n*, pSSffil 7«. *3RBfia^* 
^t?^K^b^!^-ca>-^T lb J:C>. 

[0 04 2] nS3>dfi' hJt©*5RiSS**LED»^ 
©*#«:R{3f-r^*fFffi-rS/c*{i:. WTCCij^Sns 
^mx.i^ 0 LE D^^^rf^byto SJt>^rt©:</^4'K: 
*Jl:f SK3R^BE*i 1 0 T o r r (K^rAS 1 . 3%) © 
^Tt?. It-^T-^T (0 0 0 IM) ««1 0±«:. A 

1 N©>'^•2'7T»1 l*Jj:!>'GaN: S i©n§!3>:> 

mi 2*^S3-tf. 'e-©fi^. •;t:</;^*jj:i>'W 
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*f:^lcislfimmtSli^S.iO. 7Torr <JS@»SR 

D5R^=•*f^fiSLft:, C®LED5R^S I MSigiJ5e%SI 

1 0"a t oms/cm't?*'). *iRifteW2xiO 
"a t oms/cm'-C*«3> nM3>^d'hJ112© 
*^f5a:»3x 1 0"a t oms/cm'-C*4C<!:*i 
flBJUJfe. C©5R^©17W9#tt», reiWSK2 0mA'C 
^igS4 7 0nm. Sfe:2. 7 c d . KifP«EE(i4. 

«lS«E2 0mAT^ite«JS4 7 0nm. »ffi2. 4c 
d. «)f^fllll«4. 5VCS)o/c. C®J:^{C. 100 
Omm3i-V>>-sr'i&lCit. »K©15T<!:tt{'P«l3E©±^ 
i***6nA:. «C*J. jgtWKS2 OmAife— 5eK:«r>-C 

10 04 3] pS®©fiSg^«C©JR^i|^«{CL 
■r. nM^i^f f h»l 2©*3R?Sa*^{b3li'fc<!:C 
5. nMa^^'i' mi 2©7K3RtgS*51 X 1 0"a t 
oms/cm'jy±©iS^. i-P>4'©§g*&iSf*<P6 20 

Kif'paiiJiijiSu. 1 0 0 omm3.~v>if^K.{m^ 

©S&f'¥«EE©±^<!:i«S©ffiTi*i*6n/c. ^-^X. 
S5??#©LED3R-7-4|^r*/c8&K:«. nM3>^fi» 

h®12 (nSJB) 0*3fH«S*«l X 1 0*'a t oms 
/c m'«T-CA2.C i3!»s»S Lt^. 

[0 04 41 S/c. lilKC^Snii^JC. LED^T- 

JtJai4». A 1 ?:^A-C(,>-5. C©A 1 ©fPfflJCj: 

pSai'ifi'hBlS ttJO^a7l<3R*igHafi^-#F 30 
rStta 1 3 CcS£tJtb. ^)Bfi^#Fr£i4Jl 1 Sifi^itT 

^f#6nS/cii?){C«. ^J^Kr±JB 1 4 (A 1 *^tJB) 
©«!?«. 5nm«±**Ci3S«2ai/t». 
C0045] ^C*J. #FJa©iffl^»I n,.5,Gao..,N 
icm^titj:t,K #FJB«A 1€:^^■C^>4:C», #F®© 

— ifflfiXSei n.Ga,,-..o A 1,N (0 
gx> O^y. x+y< 1 ) -C^teStlS. WS«©ili 
^feGaN{CKB6n-r. — ifflfiSSCI n.Ga 
„-.-„A 1,N (0^ s. O^t, s + t<l)T^*? 40 

[0 04 6] ftfc. mmt-^-yy^r (o o o i ) cs 

«:RBSib©-C«^d:< . AM. Mffi1?-7 r -<TSS*fflC> 
t:«>J:t,>. i/c. S«{cSiC. S i *Ail3:ZnO*ffl 

r£\,K MBEffiCCJrO^SSn/CLEDJR^^-Tfe. jWS: 
©ffiT©«J»«SI 3 b raSr * o fc. 
[0 04 7] c©J;^{c. 2{s:^?g«:J:n«, ilSS^g:^ 
ffiK:tSi?-riCi«:< , LEDJft^ecfcWS^STKJRig 
Wfimm^cfm^ti. S?N^©LEDJRiS-7»*^$n 50 
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[0 04 8] (II56CT2) 3|i:^Bj©||Ji0il2iOr. G 
aNS«±©#B3l6y-<:t- F (LED) om^mt. 
[0 04 9] 06«. ^:^Bj©||Mf^2©LED*^^6 

0 1 ©»ffflia-C*-5>. LE D3R^6 0 1 JJ. «TK:^S 

[0050] -^VyAr (00 0 1 M) ««±^C>'^-^ K 
^-f FVPEffi-C3 0 0Mmil©GaN : S xifihtiZ, 

iCCjrOGaN (0 0 0 1 S) ««4 0*iff G 
aNS«4 0±«:«EMOCVDa*ffll»T:S«SS 1 

1 0 O'C-CGaN : S i©nM3>f ^ h«4 1 1 w 

[0 05 1 ] ^X«:SffiiiS*7 6 O-CKT^Slf. ^^1- 
T X *j J: u^WtS^IS©-'-?:?' > i^;*/;^ =&^tcW 
I no.,,Gao.,,N : S i ©#FB (JSJ?2n 
m) jc$<j:CfGaN : S i ©Rl^ (j!^4nm) ©4^ 
»i©I^HaT*P«i§rgttJS4 2 -li-. 10 0 0 

•C-CA l...Ga..,N :Me©^P;5f±a4 3=£2 0n 
mlSMci^fc. t(f>Vk. »«Sffi* 1 0 5 0 'CtCi^^ 
1f> GaN : Mgr©pSl3>5'i' h)144*0. 3txm 

(OHiit'C. RRS«©»«SSKT«:ffo:te. C©IS©S 
SamriiSlJ. l O-C/m i n{cS:^L//c. 

[0052] GaN (GaN: Si) S^4 0©fiS 
CC. Ti/Al©nS«®4 5%?^fi£L/. p®!3>i»^' 

FH44©^ffi«:. Au/Pd©pM«ffi4 8*0fiSO 
/c. 

[0 05 3] C©J:5{Cf^BS3nfcLED3R^6 0 1 

IRSi)«%2 0mA'7»3^g4 7 Onm. mSL3 . 
3 c d-CI%J60A:. C©<!:t©«><'^affitt3. 1 VC* 

[0054] mSi. rsmmLZ O mA-CL E D«^6 0 
1©1 0 0 0^raji««il*tfo/c<«:C?.. 1 000^ 

[0 05 5] S IMSSiMCCtOMgriftei^SfHaSi 
©Sfffi^tf oyt. ■e©ilS*. pM3>4r4' h®4 4©M 
S«SW9X 1 0"a t oms/cm'T*0. TkSRiS 
S«3x 1 O^'a t oms/cm'-C*o;t. nSfa^ 
^i' h®4 l©*JR?Sg[f*l X 1 O^'a t oms/cm 
'©«^mSBI!i|ilT-C*SC<i:*iMBjb/c. pMa^^'i' 
Ma4 4©Mgi«a:*«9x l 0"a t oms/cm'© 
m^. iKB^^Sf*©SSSS:i^TjSS*i2 5-C/m i n 
tiTrS)n«p^4 4©*3Raig«4x 1 0'»a t o 
ms/cm'eiT-C*SCi*i«WL.fc. C©SIMS. 
iiJS^. nM«@4 5*)^j:fp£«fii4 6«^^-r-&«tr 
©'>*/N4fflC»-C?f o/c. 

[0 05 61 SIS6^2 ©LED jR^eO 1 ». t£fiJ14 
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rStt®4 2ct^©#FecDHa©SJ5ES:l-^5 0nm 

[005 7] tmm 1 (mim^&nriiCTikstxi^mm 

Ga..,N : Me<DlSMS±iB4 3«^SS-(±. pS[=i 
>i»5'hJ14 4*0. 3Mm^6$1i-/c. 3R^«JSjS« 

ai^T^rff-^/c. cnijee3fc<DK3g:frsr**. tms. lo 

tag^W 1 ©«3tSR^ « rSffia 4 2 tt>©#FH© 1 JB© 
K/?* 1-5 0 nmt'Cmt^WlFlS.Ufc, 
[ 0 0 5 8 ] El? rittJB4 2 *©#F«© 1 «©© 
/l{c*f-r * 10 0 0 l^lBa««©jR^F^©tH*f»fi*^ 

•r. tiJtJiaij. ffia*7j»3©»Sf* i o o i u/t^^-c 

184 2 tf ©#FB© 1 Ja©|gU?*J 1 5 n mJJlT©ti^{c 
3R^^{t©SM^*i:*:#l,^. c©3RT-s^^t». TKSRiM 

WJl/A:. — J|Jfi0!l2©LED5R^6 0 1 I 20 

n. ^k^*JJ:ofMg©^£li{«^^i^^metl^c*i•:>/^:. 

2 *©#F®© 1 momm^ l 5 n mJ!iLh©J©^«:« 1 
0 0 OI^|fflii«SI©»S©16T*«*6tii. C©MH 
«. 4 2 4'©#F)B© 1 «©liJl*sltJjn-r 2. <!: > 

?£1±®©I nGaN©tS^-«i«]*s^C<9. cn(Cj;»)ffi 

[0 059] (^W3 ) :^m^<Dmmm3 1 u-c. ige 

D) Om^TTCt. 30 
( 0 0 6 0 ] la 8 *l6H^©^JtWl3 ©L D^-7^8 0 
l©»fffiE-C*i. LDSR^8 0 1». felTtC^Sn* 

C006n-y-7T-fT(0001®) »«2 0±«:7 
6To r r©«)IMOCVDa{C<l:»)GaN>'N*-;;7T)a 
2 1 *««aS5 5 0 -C-CfiSSSi*. SKfiS 110 0 
•CrGaN : S i ©nMa^a* i' Hi2 2 %4 MmSSS 
§^±?to *©f^. SSSS800'C-CI n..o.Ga,.,. 
N : S i©i'7yd'Ei5jl:®2 3€:5 0nm^SS-it. S 
tSaa^WCJfl 1 0 0*C<i:L,-rA l..aGa,.,N : S i 40 
©nMi'-5 F)a2 4*0, 5 Mmfi£gS-l*. GaN: 
S iO>nmt}-< Ym2^^0. 1 tzm^SS31*/c. C© 

[0 062] ■e©a. =1=+ VTiJ:^*iJ:ZJ^^m<D^-< 

(.O,) ^SifiO. 2Torr (O.iftSO. 3 
%) ©*ft=T'r. Sm.m&i7 6 O'CtCLT I n,.,,G 
a.„,N : S i ©)B«:4nmfiRS3-a'. -e-©^. In 
<,.i.Ga,...N : S i ©#F)i (Jlflt2nm) /I n,. 50 
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,,Gao.,,N : S i ©»|g® (®J?4nm) ©5JSXa© 

g5-jas^#F«iSfi§i4®2 e^rfisss-ti-. mm&vA i 

..,Ga..,N : Mg©»Sj%ES±«2 7 * 1 0 nmfiKSS 

C 0 0 6 3 ] + 1- T;</;^R!>'*«i^s©>'<:7' 

>i/:y;^«r^©$*-C. S«Sfil lOO'CrGa 
N : Me©pa:«/-r K»2 8*0. 1 MmfiRSS-tt, A 
l,.iGao.,N : Mg©pMr5'^5' FJa2 9*0. 5 M 
mfi£SS-&. GaN : Mg©pM3>3'5' has 0* 
0. 3/xmfiRfi3-t+/c. C©J:^{C. vMm (pM^f-^ 
Fa2 8. pMi'^-^ FJB2 9*j<J:0'p§!3>:>4'HB 
3 0 ) *0^-r-SX7- f SffiSa* 1 1 0 0 -c© 

f*. ^c*j. ++•;T;^/;^*^i!>•WtK^©^^':?''J>^' 

[0 064] 3R^«JiJSSf^*>. StS^rtK:7)c5R:</X« 
i»A-l*-r««iiS©I^T*tfofc, C©<fc^«:. pSUB 

<pM^'fF®2 8. pSf^^-y FS2 9*jJ:y:pM3 
>5?i'hB3 0) *}^fiSL/dliic. •9-:7t-/TSS2 0 
©sa«« *IS:y:^*^S)&c>s:ffl5lcti-ci 1 0 o*c*> 

C0 06 5 3 «^«ji3&ifi)ESUfc'?*-'^%2^0. - 
:^©'i>*^NCCnM3>d»i? FJB2 2*JSfflT^S-C2 0 
0/xmiH©::^ h5'f7't*i(cx5,5^>i/'*tft->. pSi=i> 
^'d' h®3 0©S®K:ttAu/Pd©pS{««B3 242 

©^ffifCT i /A 1 ©n^S®3 1 iBf&Ltc^ 
[0 066] L DSR^8 0 1 MU-CCWm^ ( c o 

ntinuous wave operation:]! 

i^ffi) C©^©0*i.^fii«8K«2 5mAt?* 

0, L/*t,^fit«lI»5. IV-C^-a/c. 
[ 0 0 6 7 ] 0 8 CC^nSn* J; 5 (C, 2(i:|8?g©L D3R^ 

8 0 1 (,mm»m:m^) •tJ-7r'fr»ffi2 0 (» 

ffi) i. ■»^7T-r7S«2 0©±{C-'^•»7r®2 l*/r 

u-cmasn. mim^^m^hBrnstitcnmrn (n 

Sf3>f J' f-a2 2, nMi'-7f FH2 4*jJ:DfnM;*/ 

F®2 5 ) nmm(D±ic9m^titc0'm&^p 

rSttB2 6 <!:. ^afi^^#Ff§i4« 2 6©±«:^»E*± 

a2 7%^U'c8ia3ti. »t«j^<**>6?^fiX§n/c 

pMS (pM^/^r Fa2 8. pSli'-^ Fa2 9*jJ:i:? 
pS=i>i'i' has 0) i*«^t:(,>«>. 
[0 06 8] «:*J. ia8(C^3<lSLDJR^8 0 1 

^'^•:'i'P;5±a2 3*^^-cl>^>*s. cn»u-if»fg 
©fc«)«:i6:>jR©«s-r»&t,>. m&m4-cim-ri>m'c 
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So 

[0 0 6 9] s iMsaa^^cto. ld^^so lo* 

^&tMsiS&t<DWM^^f^fCo >^*5. CCDS I M 
ft. 

[0 0 7 0 ] p^CD*lRr«S«. P^*^-YK«2 8. 
pM^^!yKa29. pS3>^^h®30<!:<>3x 1 
0*'a t oms/cm'T»*0. Mff«S«. pMit^ 
KH28. pM^^->r KJi2 94dJ:0*p^n>^?^hJl 
30<!:«>9xi0"at o m s /c m^ri-^/Co 10 

*K«O«S«rS0®-r S C t J: 0 . p Mia©*JRaiS 

S*S. ta». CO, CO,. NOfeJiD^NO, 

mm (pmtf^ ¥m2 8. pS^^ -;' K]i2 g^JrO^P 
So ^^aswrt*. Sl£*FrtO:^;5;*K::|cj&:f-50,cr>« 

mm:^^o . 0 0 0 0 1 %j^± 1 %JWTr*n«, pmb 

©**SSS«4X 1 0"a t om s/cm"r?*4C<h 

[0072] tmm 1 <DL D^T-fef^iSU/Co itt^W 1 
<DLD»^«. pSf® (pM:^>r KH2 8. pM^^^y 
K®2 9fccfca^p^r3>i5?^ hJg3 0) ^^S-TSfiS© 

+ yT:^x<hur7ks*ffli\ p^BcD^Sfi. as 

8 0 0 -C. a^rfiS 1 0 0 %cr>#fflm*-C 2 0 ^Ifflr ^ 30 

n/Co l:tK?Wl<DLD^^-^>SSrCW^igT'SC<b7&^5 
SiiS$ti/Co CO^Ji(C*5t:f-&L/*l^fiiSdK«3 0mA 

->»WtCCi:t«![^^ 1 (D L D^^<Z) p MmcDPkmm&i S I 
MSa5^JC<fcOlfffl-rS<b. 2x 1 0*»a t oms/c 

10 07 3 ] tmm2<DLDm^i>ii^fSLLfco tmm2 

(DLDS^-«. «iS«J|jteM3<Z)LD3R^8 0 1 il^;^ 
r*S:«r5, pS!B (pM;^f-/ K»2 8. pM^-^^^FH 40 
2 9*5cfcafpS[=J>^^h»3 0) 0*3Rf«K»8x 1 
0^'a t oms/cm^WT (^fflES^WT) ^A-So 

D«^8 0 1 kmm2(DLDf!i^i>mU 

r^cw^miyfco c<D^itc^i'f^L^\.^mmm\t3o 

Jt«Wl2 0LDlR^«, jlifi0«3CDLD3R^P^8O 
1 ^J:mmm l <DL DST-cI: *> U*l»ffl«BE3WS< 

[0 0 7 4] a/c, rSffil2 6*I no.isGao .sN : 50 
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S i (2nm) (D^JlCCL/cLDS^-fel^SJO^Tco r§14 
H2 6«r#H«:LyfcLDlR^-'Ctt. pSUBSrSSfiTSK 

[0075] mmm3 . imm i ^^mmm2<oi. d 

[0 07 6 ] 09«, x--i^>yB$H (iia^ra) ccs* 
0 1», 8 00 0^ra©3iSfifcCW^-r4Ci*i5t 

ssn/c, — ia9^c7nsnsj:^»{c. pMScoTk* 

\S&f)^2 X 1 0^'a t oms/cm'riSJte^mi© 
LD^^«1 0^ra(Oiimf*k:5R^;&^mu. pMao 
**iaS3&i8x 1 0*' a t oms/cm^JaT'CA'SJ:b 
2 (D L DJR^tt 1 5 0 l^rai©ffla«^3R^;&«^{fc U 
fco CCDct^k:. *^?§<DlS5t«?!l3CDLDIR^-8 0 1 

[OO77]01Ota. pSr3>:$f^ hJB3 OCDTklRta 
mc^-r S L D 8 0 1 CO^^i^-To P MSffi 3 2 
©*t*4ibTAu/Pd, Au/P t*5j:0fAu/N i 
CD3«gg*fflC>/Co nSS©3 \ (0^nt{^X\t. T i 
/A 1 CDJ^^ffll^/to ^'cC*?. 0 1 0tC:teCit:. 8 0 0 0 

80 0 0B#fffl«±<DI&^«rWr-5LDlR^) tt, 8 

0 0 onm(Dm^^mr^ l D^^<h urT^snrc^ 
«>o cnw. 01 occin3nsa'J5£7=-^$?^ffif#L//cB# 

ji«KSi*5raj&Lr*>?> 8 o o o^rauj^jgjau 
ri^^cc^35P6r$)So booo^mA±,o:>m^^m-ri> 

LD^R^^iaoiiim^cSnSo iaiOtC«. 50 0 0^ 
lffl<D^*K)S 10 0 1 Xnkto 
[0 0 7 8 ] SI 0:?Ji>e>^:«riSJ:^^, pS®BS320 
*tl4*iL D3R^O^#^7t* < l^fflf-r-^^o pM^ffiS 2 
Otf*4<bbrAu/Pd*ffllifciS^, pMn>3?^h 
H3 OO^K^aa^&n x l o^'^a t oms/cm^tLb 

1 X 1 O^'a t oms/cm'felTr*ntf. 5 0 00 
^ra]ti±<DLDlRT-<D^;C>ia^3n-So P^«ffi3 2 
(D*tf4<bbrAu/N vMa^^^h 
m3 0<D7KmSkm^3x l 0^»a t oms/cmn:i± 

6X 1 0"*a t oms/cm'Jl^Tr*ti«. 5 0 00 

113 0O*^a;&i4x 1 0^»a t oms/cmH:U: 
5x 1 o^*a t oms/cm't(T^*n«. 50 00 

^raj^±oLD5R^<D^:<^a^^n-So mio 
mi^^v KB 2 ^<oii^mm<ovm\t. ^m^y^i^v 

J13 0<D7K3«aa:<DffiHi(5lD8 X 1 0^' a t oms/ 
cm'tUi3x 1 O^'a t o m s /c m't(TT* o/Co 
[0 07 9 ] 0 1 0 7&i659^*»^>J:^tc. S^^CDLDIR 
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^^^ri>tcit)icit. pSH<D*stfia:« i x i c 

a t om s/cm'ja±l x 1 0**a t om s/cm'Jlil 
4x 1 0" a t oms/cm*Ji(±l x 1 0"a t om 
iftK*Si«<J5:4i. pS!)lcf©*JgiSafci9[< JJc^r 0 

^c43&»6/ct#i6n4. 10 
[0 08 03 pMJS«:$*n€.3o<DJl {pM;</ 
-/KJ12 8. pMi'-7?» K»2 9*Jj:UfpM3>5'i' h 

B 3 0 ) ©-en^n-czKSRooaifij&J-ife -ci > * c i » 

!£^-c«^ct,». pa)i{c^^n-2.3o©)i©-€-n-€'n-c 

ns. 

(0 08 n S/c. El 0*>6^*>-5J:^K:. pMSS 
3 2JC«Au/'Pd*fflC>.Si:i3!)S»*Lt,>. cn«. 
IStetflll {Ctel^-CpSSEl 7tCR|0T±j$0^ilMt 20 
|5)«©MS{CJ:4. -r^cto^. pS!mffi3 2*i7Klg»ja 

^a?ja^R*^tf)s«jg*^uf#s. pM« 

ffi3 2 ;^5Rlfja#«*^tJ^iai{b^!^-ca6 o-C t> 

( 0 0 8 2 3 Sfc. v>m.i^'yv K®2 9 ©^KsfSfiSCCSSt 
■rSLD^^©*^^©fPffi*tfo/ciC^. 01 OK^ 

iini>m^tmi^<i:>^mmhinfc. pSsss 2©« 

i^il/-CAu/'Pd4ffll»fcJS-&. pS!i'-7c' K®2 9 30 
Oi^mS&ifil XI 0"a t oms/cm'fel±l xi 
0"a t oms/cm'tiT-C*n«. SOOO^Mti 
±©LDjR^©^!&sa(KSn-5. pSI««l3 2©««sf 
iL/TAu/N i pMi'-7 -y KnB2 9© 

7k3Ri8a:*S3x 1 0"a t om s/c m'fe{±6 x 1 0 
"a t oms/cm'«T-C*n«. SOOO^BUJU: 
©LD3R^©^^&*i^SK3n-5, pM^3 2©t*i|4t 
U-CAu/P t^rfflt^fciS^. pMd'7-;' F)a2 9©7K 
SRt«S*I4x 1 0"a t oms/cm'JULhSX 1 0" 
a t oms/cm'tiTt?4>n«. 5 0 00BFra«±© 40 
L D^^-©^*s^BS3nS. 

[0 08 3] nSS (nS3>5'i' hH2 2. nMi'-5 
f Ka2 4*j4:0*nM;':f-< KB2 5) ©7j<SS?*S4>L D 
fR^8 0 1 ©^^KKSP-r-5.. n^©*5S?«a:*i 1 X 

1 0"a t oms/cm'J|^^T■C4)■^>Ci*J^^fSL/l*. 

[0 084] ia8tC^Stl-5J:^>CC. LD3R^8 

0 1 © p S!H«. 2 6 ©±{ca^R§ 

±«2 7;&/M.-caii3nrt,»e, »^P;5±J12 7». 
Al%^^rl»■5. C©A l©{'Pffi«:J:«j. pMBtp© 
gia*«3ii^HlS^#Fffitt»2 6tcffi;tJ[i/> ^HB«^ 50 
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*j. c:©J:5)&:J8!i«*s+^f#e>ns/cto4c«. mmj± 
J12 7 (A 1 *^») ©»W». 5 Mm«±*SCi 

[0 08 5] J^C*J. #Fjl©iafiS»I no.a,Ga,.,,N 
K:RB6n;fet,». #F)S«A 1 ?r^^■C4)J:^,^. #FIH© 
ifflfig«. — MK. fflfiSSCI n.Ga,,.x.,,A 1,N (0 
^x. O^y. x + y< 1 ) ra*Dsn.5.. »^©ia 
fiS-b I n,..,Ga...,NK:|5Be>n-r, -JKCC. ifflfiS5S:i 
n.Gati-.-tiAl,N (O^s. O^t. s + t< 

1 ) -c^*D3ns. 

[0 08 6 ] ^ifiP!I3©LD3R^=-80 irW. d'^-yp 
JB (nSe^^!' K«24*$J:iyfpSi'^--» FJB29) (c 
A 1 o.iGa..,N?rmir^-CC^-2>*«, A 1 ©ilSJt»0. 

IKfRen^Ct*. f'yv VmtXjX. AlGal 

nN©SS*tfflt>6n-CfeJ:< . AlGaN/GaN. 
AlGaN/AlGaN, A 1 Ga I nN/A 1 Ga I 
nN. A 1 Ga I n N/'GaN^©®^S^=•«®*ifflC>e 
nrfecfci*. c:©J:^K. pMi'^v K/B2 Gj&ia 1 =& 
^tsCtVz^'O. ^^P;S±®2 7*iA 1 ^^tyJS^ilSI 
«{C> pS3>$iJ'hJ130 ©^a*JR*i^Jia^#F 
iimmM2Q^tm-ti>Cti:m±X^^, tttc. n 
-^y FB2 4*1A l*$t?Ci«:j:«J, nM=i>5f 

^vm22 ©^s*^3Cn^a«^#FfltjiiSi4Ji 2 e tc 

[0 08 7] 01 IW. pMa©Mg«a{CSs^rSLD 

?R^8 0 l©^#*7j^-r. pMmS3 2©M*4iL/-rA 
u/Pd*fflC>fc. pStB©Mgi«gE*i2x 1 0"a t 
oms/cm'«±2x 1 0"a t oms/cm'«T© 
J©^«C. pSf)a©*3ltgS«l X 1 0"a t om s/c 
m'JW±3x 1 0"a t om s / cm'WT ttii,. mi 
I*>6:»*i.5J:^)«C. pSfffl®M 8rigS3!>S4 x 1 0" a 
t oms/cm'iJLhl x l 0"a t oms/cm'JJiT 
•Cftiltf, 5 0 0 0 ^|fflJSi(±© L D*^©*^*s^3 

[0 08 8] (.m^mA) im^<ommm^i^\^'c. g 

a NS*g±©L D3RT©{f>l%7j^^. 
[0 08 9 ] Ell 2». :$:^HJCD|Qgt?!)4©LDJR^l 
2 0 1 ©»r®EI-C*S. L DSRiF- 1 2 0 1 OTtc^ 

[0090] -y^T-fr (000 IH) SIS±«:^N-f K 

FVPE;ffi-C3 0 0MmJ?©GaN: S i 
L-. 5lf©K:J:0-9-7r-<rS*5*^*L/cGaN (0 0 

0 IB) otimhMc. o±{c. stsss 

1 1 OO'C-CGaN : S i ©nlt3>^^' has 1* 
0. 8 MmfiRSSIi. A 1 o.>Ga,.,N : S i ©nMi' 

K«5 2?&0. 5umfi£fiS-a-. GaN:Si©n 
Mj!/-/ K«5 3*0. 1 /zmfiSSSti-Zc. i:©fiSESI9:l^ 
* -r?©* + T t Wa^©-*-? :^ y > i':*/^ i » i 
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[009 1 ] •;T:^;^*Jj:afW«^R©-'t 
7'';>y;t/x*^«:t'JDm. fiSSiaa^T 5 O'Ck: 
IxT I n..,,Ga...,N : S i ©#FiB (li/52 nm) 
/I n,.,,Ga,.,,N : S i ©RtSIB (JS/f4nm) © 

3 mmo^mmT^pmmrmm s 4 s , pis 

S-CA I o.,Ga..,N : Mg©^^|»jhJ15 54 1 0 n 

[0092] 4^ I' y r 

y > i///;^ «sjR© s s r . eSSMfi i o 5 0 •era a 

N :Mg<Dpmtf^ YmseiO. 1 um^&Sit. A 10 
l..iGa,.,N : Mff©pS!i'-7'? KJB5 7«rO. Su 
mfiSSS-a-, GaN : Mg©pS=i>^'i' hJ15 8* 
0. Sium^S-B-Ai. C©Sg©Si;5i^F*3©J!/;^tt»«:*j 
l:f-&iSR^gE»0. 0 89^^1/7^. 

[009 3] ^>:{c:. m'^-mmtfifS.mLtc':? :-^j^K. 200 

ymiH©;^ h^-f:/i^K:nS(3>5'i' h)i5 1 ^iBW-T 
S*-Cif 5^:>i'*tfl\ pS3>4fi» hJB5 8©SS 
CCAu/Pdd>e>^c^)pMSIS6 0 4 5 Mmili©;^ h-5 
■^^i^icm^O. n^GaN : S i»«5 OOSMKtt 
T i/A l^i^^cSnMSSe l^J^fiRUyt. 20 
[0 0 9 4] C©J:5«:urKfP3n3fcLD3R^-l 2 0 
Hi. ^St?CW^JgL/fc. C©^«:fcl^SL.*CJ<ii 
SiJfe»2 0mA-C*»J. L/*C>ffiSJi»5. OVC^o 
/i:. L 12 0 1 4^M, ISIbffi^S 5 m ArMS 

f^=S:nr>fd^m. m^mmm i o o ommw&Lxh 

[0 0 9 5 ] ijaEL/cJr^tc. S«©l5t*4*jJ;Uffllt>?. 
nSfi£S:;&ffi{cj:P>-r. *l%BJ«:j:r>rS^^©i|i«i* 
IS**-?- (LED^^S/c«LD5R-7-) *5S|313n^>. 30 

[0096] 

[^Bj©S*m] *fEHJ(cJ:n«. ^SI<*5%31£JR-7-©pS 
B©;iK3R7cSR©rgS{i. l x l O" a t o m s/cm' 
WJbl X 1 0"a t oms/cm'«T«:3*i-5. Ctl 

k: i «5 > p ®a©*fg*«^^jgfi^#F1tjg«ttS ccifiisj 
r S c i *Jffli$iJ 3 n. ^BS^^#F«jSr§tte©^^k3&^ 
WJStlS. Seo-CS>N&©5|4«tj:«3l6SR-7-*^3«5n 

[ISI9©tBf«ncStii^] 

[HI] *^©SI*6«^ 1 © L E D3R^ 1 ©SfSHr* 40 
[02] SIM SS'JJEtCJ: O^JJESti/cSR^^jitf ©M 
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[03] |ISiF!ll©LED3R^l*jJ:mblS09l~3© 
L E Da?-©ii«tiSifeteft4^-ri2|-C*S. 

[041 (a) ~ (d) «^4a^n. 2|s3|)5SF!I©LE D 
3R-?- 1 *Jj:afi:b«?tWI 1 -3 ©L E DjR^=-©l-y>4^ 

©rSffiBJ32©S I MSr^a7T-/Ji'4^-rs-c*«3. 

( e ) ~ ( h ) »-en-en. *^ff!i©L e d*^ i *j 

J:CJfJtt!^ 1 ~ 3©L E D JR^© 1 0 0 0 l^fflx-2;> 
i'fS©ffifi)lSia© S I M S r/'O 7 r JU%5^-rS|-C* 

[051 p®3>if4' FBI 5tti©*3!{i«S[K:*f-r* 1 

0 0 oi^raii«»©L E D jR^©t^]wa4^^a-c* 

[06] *^©||JS^2©LED3R^6 0 l©Wrffi0 

[07] rSttB 4 2 4i©#F«© 1 »©Mi5{C>tt^5 1 
0 0 O^rajiS^©3R^tg>!*aS4^rK-r0r*S. 
[081 3|s:|%^cr^|jg033(DLDjR^8O 1 ©BrB0-C 

[09] x-i;>>i^^iH (a«B#ra) tc*ft-SL/*(,><ii 
«iiK©IEIb*^-r0-r?**. 

[010] pS!3>5»i' HB30©*SRiSK(Cj*rSL 

0*^8 0 i©^4^-r0'c«>?.. 

[011] pS»©MgtSS«:St'r4LD3R^8 0 1© 

^4?i^-r0r*s. 

[012] 4c^W©|lifi0!l4©L D«^l 2 0 1 ©»r® 
0-C&4. 
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